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chemical data were used to test the fecal equation. Standard errors of 
analysis and corresponding r 2s were: 0.13 and 0.96, 0.41 and 0.93, 0.87 
and 0.96, 1.79 and 0.90, 2.10 and 0.91, 1.46 and 0.90 for OM, OM, CP, 
ADF, NDF, and lignin, respectively. 
Using the spectral information from fecal samples and the chemical 
composition of alfalfa samples to analyze other alfalfa samples was 
examined. Twelve other alfalfa hays with known chemical and digestible 
data were used to test the fecal equation. Standard errors of analysis 
(%) and corresponding r2s VJere: 4.05 and 0.01, 1.54 and 0.48, 1.63 and 
0 . 71, 13 . 16 and 0.55, 1.43 and 0.35, 6.52 and 0 . 13, 4.30 and 0.63, 2.3 6 
a nd 0.09, 5.75 and 0.49 for 014, 0~~. CP, IVDMD, ash, NDF, ADF, lignin, 
and DDM, r espectively. 
Hay fecal samples were sieved to study the utility of using 
sieving as a procedure to support chemical data in predi c ting DDM. Us e 
of sieving (alfalfa and fe c al) and chemical data (other than IVDI~ D) 
increased the precision of predicting DOM (R2 = 0.76), over using IVDMD 
and ash concentrations to predict oor~ (R2 = 0.66). 
( 90 pages) 
INTRODUCTION 
Quality forage is import ant for efficient animal production . 
Knowledge about chemical composition and nutritive value of forage is 
necessary to ba 1 ance diets for quantity contra 11 ed feeding. Knowledge 
of the forage also allows for the most efficient use of expensive 
supplemental feeds for meat and milk production. 
Feeding trials and chemical analys es are the two most common 
methods used to esti~ate forage quality. Feeding trials are labor 
intensive and costly, therefore limited in use. Chemi cal methods that 
es ti rn a te forage va 1 ue based on 1~ e t chemistry procedures and in vitro 
di gestibility are also expensive and time-c onsuming . 
The findings of early researchers using near infrared reflectance 
spec troscopy (NIRS) to analyz e chemical composition of grains has 
generated wide interest in use of N!RS as a rapid, nondestructiv e 
technique for assessing forage quality. By 1978 there was evidence tt1at 
NIRS could provide a fast, relatively accurate method of ass essing 
certain nutritive properties of forages. 
In !~arch 1978, r esearch was initiated on a national basis, with 
cooperating laboratories at University Park, Pennsylvania; Athens, 
Georgi a; Beltsville, I~ aryl and; St. Paul, ~1i nnesota; El Reno, Oklahoma; 
and Logan, Utah, to develop the methodology and investigate the 
usefulness of NIRS in analyzing any important chemical and biological 
components in forages with a degree of accuracy equal to that obtained 
by conventi ona 1 methods. 
Research has shown the feasibility of NIRS analyses for chemical 
composition. More evidence is needed on using NIRS for digestibility 
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estimates. The use of fecal samples to analyze the chemical and 
digestible composition of alfalfa samples has not been investigated. 
The objectives of this study ~~ere: 
1. Use alfalfa samples from several intermountain locations with 
known chemical analyses to develop near infrared reflectance 
regresssion equations which will analyze nutrient content and 
digestibilities of alfalfa samples from the western states. 
2. Use near infrared reflectance analysis of fecal samples from 
sheep fed the above alfalfa to develop regression equations which 
will analyze nutrient content and digestibil i ties of alfalfa 
and/or feces from sheep fed alfalfa from the western states. 
3. Determine if leaf to stem ratio and/or plant color will predict 
alfalfa hay quality. 
4. Determine if distribution of particle size of feed and/ or feces 
can be used to predict digestiblity and/or chemical constituents 
of alfalfa hay. 
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REVIEW OF LITERATURE 
Alfalfa 
Alfalfa (Medicago sativa) is a legume from the Near East and 
Central Asia. The geographic center most often mentioned as the home 
of alfalfa is Iran and Turkey. Alfalfa evolved in an area that has a 
pronounced continental climate with cold liinters and hot, dry summers. 
A late spring and short summer characterizes these regions. The soil s 
are typically near neutral in pH, usually have a hign 1 ime content and 
are well drained. Alfalfa is drought tolerant, but it does not 
tolerate flooding (Brown et al., 1972). 
World distribution of alfalfa as a crop is co nfin ed to the 
temperate regions of t l1e world. The USA, USSR, and Argentina 
contribute about 70% of the worldwide est imate of about 33 million ha 
of alfalfa (Bolton et al., 1972). 
Since the introducti on of alfalfa into the USA , (ca 1850), acreage 
has increased steadily. Development of diffe rent strains for disease 
resistance, drought tol e rance, higher yield, and stand persi sta nce have 
contributed immensely to the popularity of growing alfalfa. 
When harvested at the proper time, alfalfa has been shown to be 
equ ival ent to or superior t o corn silage in terms of total digestibl e 
nutrients (TON) (Hanson and Davis, 1972). Alfalfa produces more 
protein per ha than any other crop for livestock . Alfalfa can supply 
upwards of 80% of dairy cattle protein requirements when properly 
harvested (Hanson and Davis, 1972). It is high in min era l content and 
contains at l east 10 different vitamins. Alfalfa ha s long been 
considered an important source of vitamin A. 
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The nutritive value of alfa lf a depends primarily on the 
physiological and morphol ogical development (Blaser, 1964). Anderson 
(1976) li sted ten factors that could affect the nutritive value of 
alfalfa: (1) stage of maturity or date of cutting; (2) weather 
conditions during harvest; (3) harvesting methods; ( 4) method of 
preservation; (5) storage co ndition s; (6) cutting; (7) cul tivar or 
strain; (8) soil fertility and moisture; (9) climatic conditions during 
pl ant growth; (10) and contamination with 1~eeds, dirt, chemica ls , or 
other foreign r.1atter. 
Barnes and Gordon (1972) condensed those variables affecting the 
nutritive value of a lfalfa into forage factors, consisting of pre-
harvest and post-harvest factors, and animal factors. Anima l factors 
include: species of animal, stage of growth, production status, and 
condition of health. Van Soest et al. (1978) noted that certain 
chemical analyses are related to the pre-harvest history (acid-
detergent fiber (ADF) and neutral-detergent fiber (NDF)) and post-
harvest hi story (acid-detergent i nso l ub l e nitrogen) of forages. Table 1 
lists definitions of abbreviations used in this dissertation. 
Stage !?..!. Growth 
Stage of growth or time of cutting at which plants are harvested 
and cl imatic conditions during growth are important factors influencing 
forage f eed ing value. Deinum et a l. (1968) reported that incre asing 
l ig ht intensity during groVIth lowered digestibility in grasses. 
Increasing temperature (25 vs 35 C) loV~ ere d leaf tissue mass, le a f 
area, and size and number of leaf tissue cells in alfalfa (Bul a , 1972). 
Increased fiber co ntent was noted in grasses grown during high (30 C) 
temperatures (Deinum et al ., 1968). 
TABLE 1. Abbreviations used in the dissertation. 
Abbreviation 
ADF 
cc 
CP 
DADF 
DCC 
DCP 
DDM 
DHHI 
OM 
DNDF 
DOM 
HE!~ 
I VD~10 
LIG 
MF 
N 
~JDF 
NIR 
NIRS 
Dr1 
w 
r2 
SEA 
SEC 
SEE 
SEP 
----
r1ea ni ng 
Acid detergent fiber 
Cell contents 
Crude protein 
Digestible acid detergent fiber 
Digestible cell contents 
Digestible crude protein 
Digestible dry matter 
Digestible hemicellulose 
Dry rna tter 
Digestible neutral detergent fiber 
Digestible organic matter 
Hemicellulose 
In vitro dry matter digestiblity 
Lignin 
Modulus of fineness 
Nitrogen 
Neutral detergent fiber 
Near infrared reflectance 
Near infrared reflectance spectroscopy 
Organic matter 
Reciprocal of reflectance 
Multiple coefficient of determination 
Squared correlation coefficient 
Standard error of analysis 
Standard error of calibration 
Standard error of estimate 
Standard error of prediction 
Standard error of prediction and analysis are statistically the same. 
Alfalfa harvested at a prebud stage of development has a high 
concentration of feed nutrients, but herbage yields for the cutting at 
immature stages are low. The yield of herbage for the cutting will 
contin ue to increase between early bloom and full bloom, but the 
increased ·yield is largely fibrous co nstituents (Smith, 1972). 
Morphological changes occuring within the plant as it matures alter the 
nutritive value. Immature alfalfa is mo re digestible with greater 
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vo 1 untary intake and ani mal performance potentia 1 than mature alfalfa 
(Barnes and Gordon, 1972). 
Blaser (1964) reported nitrogen compounds made up a smaller 
proportion of the dry matter with advancing forage maturity and there 
was a net loss of protein. This occurred because of leaf losses and 
large decreases in leaf:stem ratios, as well as the accelerated rate of 
accumulating structural materials. 
Crampton and Harris (1969) noted leaves contain from 2 to 2.5 
times as much protein as the stem of the same plant. They also went on 
to say, "the more mature the plant when cut, the more easily are the 
fine leaves lost in handling". As leaves age, their photosynthetic 
capacity declines, thus lowering the amount of desirable nutrients 
(protein and carbohydrates) in the leaf and to be used by the plant 
(Brown et al., 1972). Not only do the leaves contain more protein, 
they are more uniform in prote ·in, fiber, and digestibility percentages 
throughout the growth period compared to stems (Barnes and Gordon, 
1972) 0 
Barnes and Gordon (1972) noted in vitro digestibility of alfalfa 
stems decreases steadily during maturation, while 1 eaves change only 
slightly. Christian et al. (1970) reported little change in leaf 
composition, but stems increased in lignin and decreased in ash and in 
vitro dry matter digestibility (IVDMD) as plants matured. 
Declines in digestibility and ntltrient composition with advancing 
alfalfa maturity have been observed by others (Fonnesbeck et al., 1981; 
White and \4ight, 1981). Waldern et al. (1968) noted dairy cows fed 
pre and 1/10 bloom alfalfa produced more milk and gained more weigl1t 
daily than those cows fed full bloom alfalfa. 
When al falfa is managed for maximum production, mor e frequent 
cuttings results in higher yields, higher quality, and greater nutri ent 
removal for the growing season (Rhykerd and Overdahl, 1972). However, 
one adverse effect of constantly harvesting alfalfa at relatively 
immature stages of development is reduced longevity of stand (Lowe et 
al., 1972). 
The date of cutting has been studied extensively as a criterion 
for estimating in vivo forage digestibility. Anderson et al. (1973) 
reported dry matter di gesti bi 1 i ty decreased 0.28 percentage units per 
day for alfalfa hays harvested in Montana and Utah. They also noted a 
da ily decline i n crude protein content in alfalfa of 0.20 percentage 
units. Richards et al. (1962) note d a daily decline in dry matter 
digestibility of 0.30 percentage units in Delaware. Reid et al. (1959) 
observed a decline in dry matter digestibility of 0.48 percentage units 
as alfalfa matured in New York. 
Smith (1972) noted a cutting schedule based on plant maturity 
allows the alfalfa itself to indicate the proper time to cut and takes 
into account differences in maturity due to cultivars, years, and 
locations. This schedule also allows the plants to indicate how many 
cuttings are possible during a season. 
Many areas of the Intermountain region are limited to three 
cuttings of alfa lfa over the growing season. At the higher elevations 
or in cooler climates on l y two cuttings are obtained, but four or more 
cuttings are possible where the growing season is longer. Twelve 
cutting s per year are possible in tropical cl imates (P. v. Fonnesbeck, 
unpublished data). The fi rst cutting of the season in temperate 
climates starts growing during cool weather as the daily temperatures 
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exceed 5 C and growth rate increases as the temperature increases. 
Therefore, the first flowers appear some two weeks later than plants 
grown entirely in a warm environment (Bula and Massengale, 1972). The 
last cutting of the growing season starts growth in warmer weather and 
continues to grow in decreasingly cooler weather. 
Anderson (1976) noted f i rst cutting alfalfa is usually high in 
palatability and digestibility if cut at an early stage of maturity, 
but will become stemmy if allowed to mature. He also reported second 
cutting alfalfa from a three harvest system often has fine stems, but 
the stems are hard and brittle causing the forage to be unpalatable. 
Horton and Holmes (1977) reported second cutting hay to be higher in 
cellulose, phosphorus (P), and magnesium (Mg), but lower in protein 
v1hen compared to third cutting alfalfa . Third cutting alfalfa, in a 
three cutting c limate, is usually leafy and low in fiber content, 
resulting in forage that is very palatable and high indigestibility 
(lialdern, et al., 1968). Often low fib er conte nt causes an increased 
incidence of bloat (Anderson, 1976). 
In a review of literature, Barnes and Gordon (1972) noted first 
cutting alfalfa has been characterized by a larger decline in 
digestibi1 ity with increasing maturity, compared to subsequent 
cuttings. Anderson (1976) reported second cutting alfalfa from a 1 ate 
harvest to be lowest in all measures of nutritive value performed on 
different cuttings. Waldern et al. (1968) noted no differences in milk 
production from dairy cows due only to differences between cuttings. 
As a rule, there has been no consistant pattern noted in animal 
performance (lactation or sheep digestion trials) when different 
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cuttings of alfa l fa have been compared (Byers and Ormiston, 1963; 
Porter and Skaggs, 1960). 
Harvest Losses 
In general, feeding value depression in alfalfa hay increases with 
the length of field exposure before baling. This nutritional loss is 
re l ated to greater rain leaching, leaf shatter, and mechanical losses 
(Barnes and Gordon, 1972). 
Weather damage losses because of rains during harvest can vary 
from little to a complete loss of the crop. Beardsley (1954) reported 
dry matter losses from field cured hay with rain damage of 33%. He 
also noted rain damaged field cured hay was relatively unpalatable and 
had a lower milk production value compared to field cured hay without 
rain damage when fed to dairy cov1s . 
Anderson (1975) noted the extent of rain damage de pends upon the 
amount of rain, the duration and frequency of rain, the time of the 
rain after the forage was cut, and the extent of drying of the forage. 
He went on to say, "A relatively heavy rain immediately after cutting 
will do minimal damage if follo>Ved by favorable weather, whereas, the 
same amount of rain on dry hay can cause heavy losses". 
Alfalfa hay cut in the evening had about 2% higher carbohydrate 
level than hay cut in the morning (Barnes and Gordon, 1972). However, 
differences bet\Veen dry matter yields have been variable. Knapp et al . 
(1973) reported higher dry matter yields, starch, and sucrose when 
a lfalfa hay was cut in the evening vs morn i ng. They noted t hat dry 
matter losses were related to night te~peratures with the greatest 
losses occuring during warm nights. 
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The major objectives in harvesting alfalfa are to minimize losses 
and to maintain quality. Different methods of processing alfalfa 
require varying amounts of field drying time. Climatic conditions, 
exposure time, and method of cutting and conditioning influence 
moisture loss. Longer exposure increases the chance of damage from 
unfavorable weather in high rainfall areas. With decreased moisture 
content, the subsequent handling of alfalfa in the field increases leaf 
loss. However, a dryer product generally decreases storage 1 oss. 
Minimum field loss e s can be achieved via the use of direct-cut 
alfalfa silage, green-chop, and dehydration. However, storage losses 
with direct-cut alfalfa silage are high (Miller and Wedin, 1972). They 
al so reported that under western co nditions: raking hay Hhen too dry 
caused 25% yield loss as compared to only 4% when raked properly; and 
loss in prote in was greater than yield loss, indicating that yield loss 
was due mostly to leaf loss. Leaf loss represents a large loss of 
highly digestible nutrients (i.e., protein and available 
carbohydrates). 
Shepard et al. (1954) examined dry matter losses of alfalfa 
harvested by various methods. They reported field and storage losses 
of 2l't for field cured hay. Losses increased to about 37% vii th rain 
damaged field cured hay. Barn dried hay reduced the losses, however, 
minimum loss was from dehydrated hay. Beardsley (1964, p. 243), in 
summarizing the work of others, stated: "Factors such as stage of 
maturity, weather conditions, equipment used, and storage facilities 
often have more influence on the feeding value of a forage than the 
particular method of harvesting and storing used". 
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Temperatures and moisture levels during the drying period can have 
a pronounced affect on dry matter losses and quality of nutrients 
present. Storage of hay at a moisture content higher than the critical 
l evel results in continued plant and microbial respiration, mold 
growth, and the development of a great deal of associated heat. This 
cr itical level of moisture is variable, depending on type and condition 
of forage stored, ambient temperature in the storage area, density of 
ray, and air circulation, but is usually in the 20 to 25 % range. 
Respiration losses of stored alfalfa were found to increase at storage 
temperatures above 25 C and moisture contents greater than 10% (Barnes 
and Gordon, 1972). This means that all stored hay will suffer some 
respiration loss, although it may be small . 
Probably the most recognized and well known result of exc ess 
temperature and moisture is the "Maillard" reaction. Also known as the 
"1onenzymatic browning" reaction or "carmelizati on", the process 
involves the reduction of available protein and carbohydrates . This 
l oss results in lower digestibilities and may affect intake if the 
pr ocess is severe enough. Greenhill et al. (1961) reported reduced 
slluble nitrogen levels, crude fat content , soluble sugars, and 
c1rotene levels in alfalfa hays stored at several temperature and 
misture levels. Mayland (1968) reported carbon and dry matter losses 
w:re greater than nitrog en loss es when alfalfa hay was dried at 
d·fferent temperatures. Middleton and Thomas (1983) examined different 
p·ocedures to measure protein changes due to excessive heat during 
s:orage, and conc l uded that no one method can accurate l y measure 
protein availability in hays subject to excess heat. 
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Varieties 
Varieties or strains have been developed over the years for 
certain climatic regions, certain pathogenic organisms, and specialized 
needs by producers and animals. Development of strains for increased 
field yields and higher nutritive values have also been attempted. 
Elliot et al. (1972) suggested developing alfalfa varieties with a 
higher leaf content to increase digestibility by reducing total cell 
wall constituents. Alfalfa varieties have been developed to reduce some 
of the anti-nutritive value characteristics of alfalfa (estrogenic 
compounds, saponins, and other bloat causing agents). 
Little or no difference has been found in chemical composition and 
in vivo or in vitro digestibility among alfalfa varieties harvested at 
the same stage of growth (Barnes and Gordon, 1972; Jung et al., 1969). 
Ho1~ever, the tendency exists for the late maturing varieties to h·ave a 
higher digestibility on a given date (Anderson et. al., 1973). 
Barnes and Gordon (1972), in summarizing the work of others, found 
that stems of Vernal alfalfa had higher IVDMD values than DuPuits when 
harvested on the same date. Vernal was later maturing and reached the 
early flo1ver stage of maturity approximately 1 week later than DuPuits. 
When compared at the same stage of maturity, the digestibil i ties of 
stems for the two varieties were similiar. No differences in 
digestibility were observed between leaves, whether compared on a date 
or a growth stage basis. 
Parti cl e Size 
Particle size of consumed forage affects such factors as salival 
output, butter fat production in lactating dairy cows, integrity of the 
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rumen epithelium, rate of passage, intake, and digestibility. Dehority 
and Johnson (1961) noted finely ground forag es had increased in vitro 
digestibilities. Donefer (1973) and Minson (1963) reported coarsely 
ground samples had slo~1er digestion rates in vitro vs fin e ly ground 
samples. Uden and Van Soest (1982) reported increased particle size 
increased retention time in ruminants, but not in horses and rabbits. 
Robles et al. (1980) noted, small particles in vivo, probably pas s 
through the rumen undigested while larger particles are retained and 
digested, representing most of the fiber digestion. However, Darcy and 
Belyea (1980) reported orchardgrass ground through 1 and 8 mm screens 
had sim i liar in vitro cellulose and cell 1·1all digestion. 
Sudweeks et al. ( 1979) reported 1 ong hay increased percent 
butterfat compared to pelleted hays. The increased butterfat production 
when long or ct10pped hays were fed was due to increased chewing time to 
reduce the particle size of the forages. Too fine of chop produces 
results similiar to pelleted hay s (Welch, 1982). He also noted the 
majority of particle size reduction was due to mastication and not 
microbial activity as proposed by Pearce and r~oir (1964). 
Uden and Van Soest (1982) reported the mean fecal particle sizes 
in horses 1~ere l arger compared to r uminants and rabbits. They noted 
that particle size in the rumen and feces of ruminants decreased with 
decreasing body weight. Sim ili ar results were noted when sheep and 
cattle were compared (Welch, 1982). 
The interest in particle size and i ts affect on digestive 
processes has l ed to the idea of using sieves to measure particle size 
of feeds, rumen contents, and feces (Pond et al., 1983; Waldo et al., 
1971; Smith and Waldo, 1969). Smith and Waldo (1969) described particle 
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sizes after NDF extraction, of ground, chopped, ground and pelleted, or 
wafered forages (all <5.0 em), gasrointestina l contents, and feces. 
They reported the sieved results on a cell wall basis and us ed the 
modulus of fineness as recommended by the American Society of 
Agricultural Engineers (ASAE, 1968). They observed a logrithmi c normal 
distribution of particles. 
Subsequent work (Waldo et al., 1971) using logrithmic normal 
distribution to describe sieved particle size produced lower errors of 
repeatability than other methods investigated. Pond et al. (1983) felt 
that logrithmic normal distribution could not be used to describe 
particles that are cyl inderical rather than spherical. They proposed a 
method of describing particle size based on the size of sieve retaining 
particles and the cummulative percent weight retained on the sieves. 
· Their method gave higher estimates of particle size using esophageal, 
ruminal, and fecal samples compared to logrithmic normal distribution. 
Telford et al. (1983), using th e model proposed by Pond et al. (1983), 
reported particl e size of feces from grazing cattle tended to decrease 
with increasing stocking rate. 
Uden and Van Soest (1982) stated that the model they used to 
describe particle size of sieved fecal and rumen samples was specific 
for the sieve sizes they used. They did note that increasing the 
shaking time while sieving increased the chances of cy li ndrical 
particles to bounce around such that they could pass through a sieve 
that should have contained t hem. 
Near Infrared Reflectance Spectroscopy 
Principle. Near infrared reflectance spectroscopy (NIRS) is a 
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relatively new method of spectrochemical analysis in which the 
reflectance spectrum of forages is used, with the aid of a computer, to 
provide compositional information. Variation in chemical composition is 
required to have a good equation. Effects (environment, management, 
etc.) that can alter the chemical composition should be included in the 
equation by using samples that represent the effects. 
Monochromators (a modified spectroscope to isolate a narrow 
portion of the entire light spectrum, the near infrared region) scan 
the region from 1100 to 2500 nm at 2 nm interv als for a total of 700 
data points. The instrument performs this operation 64 times per sample 
and averages the data. 
A concave grating that breaks light into a spectrum of 
monochromatic light is driven by a c3m drive mechanism. The precision 
with which the cams are manufactu red results in wavelength accuracy of 
± 1.0 nm in the near infrared region. The cam drive mechanism also 
rotates a filter wheel which is synchronized with the motion of the 
grating. The filter wheel is used to reduce stray light to negligible 
levels and enables obtaining near infrared or visible spectra. Each 
revolution of the cam results in a forward and backward swing of the 
grating. During the forward swing of the grating, the filt er wheel 
blocks all but the spectrum consisting of the near infrared; during the 
backward swing the filter blocks all but spectrum consisting of visible 
light. Each revolution of the filter wheel also contains a dark period 
which is used to cancel drifts in the electronics. 
Before and after reading each sample spectrum the instrument is 
zeroed by scanning a ceramic reference tile in the rear of the sample 
drawer. Samples are presented in plastic sample holders as a compressed 
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dry powder about 10 mm deep behind a quartz cover glass. Sample holders 
are rotated at 80 rpm to overcome any preferred orientation due to 
fibers. Near infrared light is directed at 90° onto the sample surface, 
and the reflected light is col lected in lead sulfide detectors set at 
45° to the sample plane (figure 1, Norris et al., 1976) . The signal 
from the detectors is amp l ified by a logrithmic response amplifier, 
digitized, and recorded in a computer as log (1/R), where R = 
reflectance. 
MONOCHROMATIC 
LIGHT 
FIGURE 1. Op tical arrangement for reflectance measurements. Four 
lead sulfide cells surround the sample, one in front and on in back not 
shown. 
Fi 1 ter-type instr uments contain fi I ters that all ow only segments 
of the near infrared spectrum to be util ized. The filters are 
manufactured such that different segments of the spectrum can be 
utilized according to the product that is being analyzed. 
Calibration is achieved by scanning a set (approx. 50) of typical 
samples covering the composition range, and conducting a multiple 
regression with the traditional ly measured '\1et" chemical or 
biochem i cal data as dependent variab l es, and "optical densities" (log 
1/R, first derivative log 1/R, or second derivative log 1/R) at various 
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wavelengths, as ex plan atory variables. Analysis on samples not used for 
calibration consists of making reflectance measurements and solving a 
regression equation of the form: 'l'. Analyzed Component= B0 + B1x1 + 
B2X2 + s3x3 where x1, x2, x3 are reflectance measurements or 
derivatives of these, at wavelengths 1, 2 , 3 . s0 is the regression 
constant and B1, B2, s3 are partial regression coefficients. 
The NIRS technique assumes that unknown samples are adequately 
represented by the calibration set. The computer 11arns the operator if 
this condition is not met. Once e quation s are established, the 
spectrocomputer (monochromator and computer) can conduct multicomponent 
analyses in two minutes from the introduction of dry, ground sample. 
Computer Software. The softv1are de vel oped by Shenk et al. ( 1981) 
with new modifications (J. S. Shenk, unpublished data) consists of the 
following programs: 
SCAN63 - This program computes the average of 64 i ndi vi dual scans 
of the monochromator from 1100 to 2500 nm. There are five mod es of 
operation: (1) store N!R data for calibration, (2) store analyzed 
results, (3) analyze samples with out storing NIR data, (4) evaluate 
instrument performance using a reference standard, or (5) change data 
collection procedures and evaluate instrument operation. This program 
warns the operator, when in the analysis mode, if NIR data obtained on 
the sample does not fit the original calibration set used to derive the 
regression equation. 
DATA- Laboratory values for up to a total of 10 variables per 
sample can be added to the file. Laboratory values can be listed, 
corrected, and additional variables may be added. 
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FILE- Data files can be manipulated by splitting or combining. 
Repeated samples within a file may be averaged. 
EQA- Listing of stored equations and adding or removing equations 
from a file can be performed. 
BEST- Used for wavelength selection and equation development. 
Wavelengths are selected by a modified stepwise regression procedure. 
Math treatments (data smooothing and first or second derivatives over a 
specified number of points) of the data can be used. Samples may be 
held out to be used as a test during equation development . Standard 
error of calibration (SEC) and R2 of the calibration samples are 
calculated as well as the standard error of analysis (SEA) and r 2 on 
the samples held ou~ 
PRE- Analysis values c an be computed from NIR data files using 
stored equations. Files of analysis values can be 1 isted and samples 
can be deleted, added, and/or corrected in the file. 
STAT - This program can be used for comparing laboratory vs 
analysis data, analysis vs analysis data, or laboratory vs laboratory 
data. Statistics calculated inc lude the mean, standard deviation for 
each of the variables, SEA, and r2. 
History of Analysis. During the early 1960's the Instrumentation 
Research Laboratory ( IRL), Agricultural Research Service, USDA, 
Beltsville, ~1D, under the direction of Karl H. Norris, applied NIRS to 
determine moisture content of ground grain. That technique was later 
expanded to include the determination of oil and protein content. Ben-
Gera and Norris (1968) found no difference in moistu re content of 
soybean flour using NIRS compared to oven drying. 
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In 1971, commercial instruments using the principles developed by 
IRL were i ntt·oduced to the grain industry. These instruments contained 
filters such that only wavelengths of 1680, 1940, 2100, 2180, 2230, and 
2310 nm were used. Those instruments proved inadequate in analyzing 
chemical composition of forages (Norris et al., 1976). Shenk and Barnes 
(1977) noted similiar wavelengths were used for analysis of protein in 
grains and forages. However, different wavelengths were needed for 
analysis of IVOt·1D. 
Williams (1975) reported standard errors of difference for percent 
moisture ranged fr om 0.12 for barley to 0.30 for rapeseed . He also 
examined some of the sources of error (sampling, instrument, samp l e 
packing, etc.) associated with NIRS. A l arge standard error in 
reproducibility for protein and moisture was noted when using a fresh 
grind for each sample tested. Standard errors of duplicate readings 
(sample scanned, rotated, and rescanned) were comparable to sta ndard 
errors associ a ted with chemical ana 1 ys is except for protein. Protein 
calibration errors liere reduced by using a greater range for 
calibration purposes (10-18 vs 12-14% protein). He noted standard 
errors of deviation between duplicate readings were reduced from 0.30 
to 0.151 by mi xing the ground samples 15 times. 
Rosenthal (1977) noted standard errors (percent of the total 
sample) for 17 amino acids in liheat samples ranged from 0.015 to 0.183 
for histidine and glutamic acid, respectively. Rubenthaler and Bruinsma 
(1978) analyzed lysine in wheat samples and reported SEAs = 
0.077mg/100g protein. In addition, Gill et al. (1979) analyzed percent 
nitrogen (N) and grams lysine/100g protein in barley and reported equal 
standard errors between laboratory and NIRS analysis. Starr et al. 
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(1981) obtained good results when analyzing wheats for grinding 
resistance and bran c l ean l iness for baking quality. 
Watson et al. (1976) compared three grinders (cyclone mill, coffee 
mill, and modified pulverizer) and three fixed-filter instruments in 
ana l yzi ng percent protein in whea~ Grinders had more effect on results 
than did NIRS instruments due to particle size differences. Norris et 
al. (1976) reported reduced standard errors (0.74 vs 0.94%) for CP when 
using fine (0.25 mm) particles vs coarse (1 mm). Winch and Major (1981) 
reported large particles reduced the precision of analysis for IVOMO 
and in vivo digestib l e dry matter in grasses and legumes . Only total N 
was unaffected by particle size. 
Grinding time was reported to affect analysis of protein and oil 
c onte nt in corn, soybean, and oat me als, due to hea t generat ed during 
t he grinding (Hymowitz et al., 1974). Hunt et al. (1977) noted 
instrument differences were evident when analyzing percent oil in 
soybeans (a bi a s of 0. 2% oil). Fixed and tilting-filter instruments 
were compared for analyzing moisture content in whole kernals of corn 
and sorghum (Stermer et al., 1977). Wet samples had standard errors of 
estimate (SEE) of 0.8% moisture for corn to 3.4% for sorghum. Surface 
area of the kernals and the small number of kerna ls used were thought 
to be the cause of the errors. 
Starr et al. (1981) felt that the small range in variation of 
percent nitrogen in wheat straw and large SEAs prevented NIRS 
instruments equipped with 19 filters from being used. Alfalfa, grasses, 
and alfalfa-grass mixtures were used with an instrument containing 6 
filters to analyze for percent CP and IV DMD (Counts and Radloff, 1979). 
They reported SEAs comparable to laboratory r esults. When using the K 
2 1 
values (constants) obtained for IVDMD to estimate in vivo dry matter 
digestibility, they noted a high correlation (r2 = 0.83) between the 
instrumental analysis and results from metabolism trials. Shenk and 
Barnes (1977) reported reduced SECs for simulated intake, 
digestibility, and digestible intake ~lith instruments capable of using 
the whole NJR spectrum compared to using wavelengths in commercial 
filter instruments for forages. 
Norris et al. (1976) obtained SEAs of 0 .9 5, 3.1, 2.5, 2.1 and 3.5 
for CP, NDF, ADF, lignin, and IVDMD. They also reported good results 
for the analysis of in vivo digestible dry matter, intake, and 
digestible energy intake in a diverse group of forages. Shenk et al. 
(1981) reported standard errors (%) for forages representing a 
diversity of species, mixtures, maturities, and locations of 1.13, 
1.27, 0 .1 6, 0.04, and 0.37 for lignin, cellulose, calcium (Ca), P, and 
potassium (K), respectively. In addition, they reported SEAs of 
similiar size for the same traits as those reported by Norris et al. 
(1976). Shenk et a l. (1981) noted log 1/R was the best math treatment 
of the spectra for CP and IVDMD, while the fibrous components and 
minerals were analyzed best using second derivatization of the spectra. 
Standard errors of analysis for total N and soluble N in sodi urn-
chloride sol uti on were 0.04 and 0.04%, respectively, for crested 
wheatgrass samples (Park et al., 1983a). Near infrared analysis of 
esophageal samples from forest and grassla nd ranges produced SECs (%) 
of 0.52 and 0 .41 and SEAs ( %) of 1.44 and 1.74 for CP and JVD~1D, 
respectively (Holechek et al., 1982). Ward et al. (1982) reported SECs 
(%) of 0.37, 1.26, and 0.67 for CP, ADF , and lignin, respectively, 
using esophageal sampl es from arid a nd semiarid rangelands. 
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Shenk et al. (1979) examined the use of NIRS to analyze percent 
1 egume in grass- 1 egume mixtures, heat damaged protein (acid detergent 
insoluble protein), Ca, P, Ca toP ratio, K, and boron, and noted 
scanning monochromators performed better than filter instruments. Winch 
and Major (1981) used a filter instrument to examine the affect of 
moisture on the accuracy of NIRS analy sis and found moisture increased 
the SEA of IVDMD and in vivo digestible dry matter. Fales and Cummins 
(1982) examined the effects of storing silage-type sorghums under 
different humidities on ADF content, and noted the standard errors of 
estimate were inflated (2X) with high humidit ies compared t o samples 
stored at low humidi t ies . 
To reduc e the bia s in analysis of CP, IVDMD, and voluntary intake, 
Minson et al. (1983) reported differences in grass species, parts of 
plant, and form of fo rage processing mus t be taken i nto account. Marte n 
et al. (1984) reported that separate equations may give better results 
than one equation when using different legumes and legume parts (leaves 
and stem). 
Lindgren (198 3), using timothy and mea dow f esc ue, reported 
coefficients of variation for in vivo organic matter digestibility (%) 
and metabolizable energy (M j oules*kg owl) of 2.6, 4.3, 4. 3, 4.3, 6.9, 
and 7.0 for green chop, hay, and silage, respectively. The need for 
separate equation or having an equation containing all preservation 
practices was noted. 
Park et al. (1983b) noted microwav e dried sampl es of baled alfalfa 
hay required a separate calibration for carotene analysis compared to 
sa mples dried by other methods. The authors also reported that for 
better results the carotene equation should be split into equations 
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containing high and low carotene levels. Branine et al. (1983) found 
inflated standard errors for CP and JVDMD when shrubs and forbs or a 
combination of shrubs, forbs, and grasses were analyzed compared to 
analysis of grasses on ly. 
Barton and Burdick (1979) reported t hat separate equations should 
be used to analyze warm and coo l season grasses for CP, ADF, NDF, 
lignin, and JVD~'\D. Burdick et al. (1981) noted equations for the 
analysis of CP using freeze dried or sun cured bermudagrass would not 
analyze drum dehydrated bermudagrass pellets very well. Calibration of 
grains for protein was more accurate within species than across species 
(Shenk and Barnes, 1977). 
Norris et al. ( 1976) reported SEAs of 5. 1% and 7 .9g for dry matter 
digestibi lity and dry matter intake, respectively. Standard errors of 
calibration of 2.30% and 6.06g*day-1*(kg Bw· 75)-1 for dry matter 
digestibility and dry matter intake, respectively, were reported by 
Shenk et al. (1977). Ward et a l. (1982) reported a SEC for organic 
matter intake of 9.6g*day-l*(kg B\,.75)-1 with esop hageal samples. 
Eckman et al. (1983) used data from sheep digestion trials fed 
pure and mi xed forage diets to compare NIRS vs chemical analysis 
(IVDt·1D, NDF, and CP) in estimating digestible energy, dry matter 
intake, and digestible energy intake. They noted SECs, using NIRS, were 
lo1ver or equal to chemical analysis. 
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MATERIALS AtlD NETHODS 
Samples and information from num ero us lots of alfalfa hays having 
different nutritive characteristics were needed to eva luate the 
feasibility of using near infrared reflectance spectroscopy to analyze 
digestib l e and chemical components in alfal f a and fecal samples 
representing alfalfa hays. Five ex periment stations at wide ly scattered 
locations within the intermountain area were selected as a source of 
alfalfa hay. Nine lots of hay were to come from each location. Three 
different maturities (prebloom, mldbloom, and full bloom) were to be 
harvested for each of three cuttings . 
A total of 44 l ots of hay 1·1ere obtained as follows: the station at 
Kimberly, 10 ( e levation 1326 m) provided 16 lots of hay including 
duplications of cuttings and maturities from different fields and 
varieties (WL 312, Ranger, and Common). Four of the l ots were at an 
ear lier (vegetative) stage of maturity. Six additional lots (variety 
unknown) were obtained from areas around Kimberly. The Caldwell, 10 
experiment station (elevation 762 m) provided seven of the expected 
nine hays. The samples (variety unknown) were from an old field, 
heavily infested with grass and weeds. 
The station at Miles City, MT (elevation 723 m) provided eight of 
tile nine hay lots. The alfalfa variety was Ranger. rlost of the Mi le s 
City samples were brown and contained a slight musty odor suggesting 
the samples were baled at a high moisture conte nt. The Logan, UT 
experiment station (elevation 1374 m) produced five lots of hay of th e 
variety WL 312. On ly two hay lots (Ranger variety) 1·1ere obtained from 
Afton, WY (elevation 1870 m) and these contained 1 arge amounts of 
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grass. Descriptions of the lots of hay from the different l ocations are 
shown in table 2. 
TABLE 2. Description and cadi ng of Jlfalfa hays. 
International 
~\3.turit;y Kirrberly ~Iiles Cit;y Galcl.ell Logan Afton Feed NllllJer 
Cutting 1 
Vegetative K 1-1 1-00-51 
Early bloan K 1-2 (4)* c 1-2 (50)** 1-00-55 
~1idbloan M 1-3 c 1-3 (50)** 1-00-60 
Fullbloan K 1-4 (3)* M1-4 C 1-4 1-00-64 
Cutting 2 
Vegetative K 2-1 (2)* 1-00-52 
Early bloom K 2-2 (4)* I~ 2-2 c 2-2 (50)** L 2-2 A 2-2 (75)** 1-00-56 
Mi<bloan :1 2c3 c 2-3 (~)** L 2-3 A 2-3 (75)** 1-00-61 
Fullbloan 11 2-4 C2-4 L 2-4 1-<Xl-65 
Cutting 3 
Vegetative K 3-1 1-00-53 
Early bloan K 3-2 (5)* t1 3-2 c 3-2 L 3-2 l-00-57 
Midbloan K 3-3 (2)* M 3-3 L 3-3 1-00-62 
Fullbloan 11 3-4 1-00-66 
* Nwnber in parentheses refers to the number of hay 1 ots representing that group. 
** Number in parentheses refers to the approximate amount(%) grass and/or weeds 
present. 
All hays were baled and stored under shelter prior to feeding. 
Prior to chopping, core samples were obtained from each l ot for 
determination of leaf:stem ratios. All hays were chopped with a hammer 
mill to pass a 3.8 em screen in preparation for feeding to thirty-t1vo 
wether lambs (approximately 35 kg each) in a digestion exper im ent. All 
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lambs were wormed and vaccinated for enterotexemia before the digestion 
study. Each trial consisted of an 8-day preliminary period, followed by 
8 days of fecal, urine, and feed sampling. Lambs were randomly ass ign ed 
to groups of four before each preliminary feeding period. Each l ot of 
hay was individually fed to four lambs with sixteen lambs on collection 
each time. As one collection li as progressing, another group of l ambs 
(15) were being adapted (individually fed) to four other lots of hay. 
The lambs were fed twice daily at maintenance levels. All hay was 
weighed so that each lamb received a total daily allotment of 1000 gms 
of air dry hay. No fe ed refusals were noted during the e nti re study. 
All lambs had free access to •later and salt during the e ntir e st udy. 
Lambs were weighed prior to receiving each hay lot and again at the end 
of the study. Midway through the digestion study, all lambs were shorn 
and tl1e study was continued after a ten-day adjustment period. 
Daily weights of feces and urine output were recorded during the 
coll ec ti on periods. A 1!i0 ml solution of 4N HCl was added to the urine 
c ollection containers daily. A 10% aliquot of urine and feces from 
each lot of hay was frozen f or analysis at a l ater time. Mid~<ay through 
the digest ion trial the freezer became inoperative and wa s not 
discovered fo r some time. As a conseq uence, mold growth was noted on 
some of the fecal samples which may have affected dry matter 
digestibility va lue s. Daily grab samples representing the feed offered 
to the lambs were composited and stored in a plasti c bag for later 
processing. 
Prior to grinding and chemical analysis, each hay sample was 
sieved for 10 minutes , with the motor set at 3600 rpm, using a Derrick 
Lab Test Electric Sieve Vibrator. Sieve sizes were: 7.925 , 2.362, 
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0. 991, 0 .833, 0.495, 0.246, 0.147, and 0 .074 mm. The sieving VIa s 
perfo rmed twi ce on eac h hay lot; percent of the total dry matter 
retained on each sieve or passing through the 0.074 mm sieve was 
determined . 
Subsamples of composited feces (approximately 60 gm.), 
represent ing eac h hay lot, was partially dried and broken up using a 
motorized mortar and pestle (Torsi on Ba 1 ance Co., ~1odel I"G2) prior to 
sieving . Each fecal sample was s i eved, using t he same shaker, once for 
10 minutes with th e motor set at 3600 rpm us ing th e followin g si eve 
sizes: 0 .495, 0 .246, 0.147, 0 .07 4 , and 0 .05 3 mm. Percent 1;e ig l1t 
reta in ed on each sieve or passing thr ough the 0.053 mm sieve was 
adj usted to a dry matter ba s i s. f.lodulus of fineness (i~Fl 11as calcu l ated 
accordi ng to the recommendations of ASAE (1963), using the formula : MF 
; (( % material retained on l argest sieve X numbe r of sieves used)+ 
(% mate rial retained on next larges t sieve X n- 1 sieves used) 
+. (%materia l in pan X 0 ) /100). 
After sieving, the hay samples VJere reconstituted and ground with 
a Wiley mill to pass through a 1 mm sc r ee n. ~1unsell's Color Cl1ar t for 
Plant Tissues was used to de t ermine the foll ow ing indexes for each of 
the gro und hay (1 mm) samp l es: hue, whic h is an object's r e l at ion to 
red, yel l ow, green, blue, a nd purple; value, which is an obj ect 's 
lightness; chroma, Hhich i s an obj ect's strength or departure f rom 
neutral (neutral has no chrom a or hue). 
Fecal sampl es 1;ere ground through a 1 mm screen ~lith a Wiley mill. 
Chemica l analyses on the hay and f eca l samples included : dry matter 
(100 C for 24 hours) , ash, organic matter, and Kjeldahl-nitrogen (AOAC, 
1975), and acid detergent fiber (ADF), permanganate 1 ignin, and neutral 
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detergent fiber (NDF) (Goering and Van Soest, 1970). Cell content an d 
hemicellulose were calcul a ted from ADF and NDF (Goering and Van Soest, 
1970). In vitro dry matter digestibility (Marten and Barnes, 1979) was 
determined on the hay samp 1 es. Kj e 1 dahl-nitrogen analysis was performed 
on the urine samples to obtain nitrogen balance for the hay lots. The 
digestible amounts( %) of cr ude protein, dry matter, organic matter, 
acid detergent fiber, neutral detergent fiber, hemicellulose, and cell 
contents were calculated for each hay lot according to the formula: 
(( gm nutrient consur.1ed - gm nutrient voided) I gm nutrient consumed) X 
:t nutrient in the feed (Harris, 1970). 
Subsampl es of each hay and f eca l 1 o t were ground through a Udy 
cyc l one grinder with a 1 mm s c r ee n and pa cked into cups des ign ed for 
NIR spectroscopy (approximately 2 gm). Samp l es 11ere scanned with a 
Pacific Scientific Model 6350 near-infrared sca nning monochromato~ A 
Digital PDP 11/23 computer, coupled to the monochrom ato r, co ntained the 
soft~Vare nec essary for data acquisition and processing. 
The program, SCAN63, was used f o r scanning the samples and was 
configured to scan the sample and reference disc 64 times from 11 04 nm 
to 2482 nm at 2 nm intervals. The average of the 64 scans for each 
sample was stored in a fil e in the computer. Results for the 44 alfalfa 
samples were filed separately from the results for the 44 f eca l 
samples. Chemical and digestible nutrient data were entered into a 
com puter file for each sample using the program DATA. 
Preliminary equation development (calibration) was performed 
separately for the alfalfa and fecal samples using the program BEST. 
Terms (lvavelengths) are se lected and used in the multiple regression 
equation according to best fit. Up to nine different math treatm ents 
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can be us ed during this phase. t~ath treatments are a means of 
processing spectral data to remove and/or enhance certain segments in 
the spectrum. 
Program output includes : standard error of fitting the sample and 
spectral data using the derived equation (SEC); multiple coefficient of 
determination (R2); regression coefficients for each term; F value 
calculated for each wavelength; and wavelengths used in the equation. 
Final equation selection involves the operator selecting the math 
treatment producing the lowest SEC and highest R2 for each variabl e. 
The BEST program was then rerun, for each variable, force fitting the 
selected math treatment and corresponding wavelengths to the specral 
data producing a final equation. During preliminary equation 
development, samples not fitting the regression equation are brought to 
the attention of the operator so that these samples will not be 
included in the final equation. 
After final ~quations are developed for each variable, the program 
EQA is used to put all the separate equations into one equat ion f ile. 
Equations were verified by analyzing 15 hay samples with "known" 
che mi cal and digestible data, but not used fo r equation development. 
This step used the program PRE and created an analysis file. Within 
this program, the equation analyzes (predicts) the composit ion of 
samples based on their spectra. The program STAT was then used for 
statistical analysis comparing the known or chemical and digestible 
data obtained from laboratory ana l ysis and digestion trials to the NIRS 
results obtained using PRE. Output within the STAT program includes: 
mean and standard deviation of the actual data and NIRS data; bias of 
actual vs NIRS data; standard error of analysis (SEA) corrected for tile 
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bias between the actual and NIRS data; and coefficient of determination 
(r2) between the actual and NIRS data. 
In order to test the feas ibility of using equations dev el oped from 
fecal samples to predict (analyze) chemical composition and dry matter 
digestibi I ity (DD~1) of alfalfa hays, the chemical composition and DDM 
of the 44 hays were assigned to the corresponding fecal samples using 
the program DATA. An equation was generated and finalized according to 
procedures described above. The fecal equation was used to analyze the 
chemical composition and DDM of the 44 hay lots. A bias (see above) 
from each chemical component and DDM was used from the STAT program to 
adjust the chemical composit ion and DD~1 in the fifteen alfalfa hays. 
The fecal equation was then used to analyze the chemical composition 
and DDM in th e fifteen hays and statistics (STAT) were examined to 
determine success or failure. 
Harvey's Least Square ana lysis (SAS, 1979) was used t o determine 
l ocat ion, cutti ng, and maturity effects on all chemical, digestible, 
and physical data (percent leaf and stem, sieving, and color indexes) 
obtained on the alfalfa and fecal samples. Significant treatments 
(P<.OS) were compared using Duncan's Multipl e Range Test as outlined by 
Steel and Torrie ( 1960). Stepwise regression (SAS, 1979) was used to 
predict digestible components from chemical and physical data obtained 
from fecal and alfalfa samples. Correlation comparisons were performed 
among the chemical, digestibl e, and physical data for the hay and fecal 
material. 
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RESULTS AND DISCUSSION 
Hay Descriptions 
Hany of the locations were not able to provide all cuttings a nd 
maturities. Only one lot was obtained for third cutting, fullbloom 
(table 2). Hay codes which include the locati on, cutting, and maturity 
are listed. Afton provided only two lots, both second cutting. All lots 
from first cutt ing were missing from Logan. Weather, l ength of growing 
season, misunderstandings in cutting schedules, and excess amounts of 
grass and weeds in fields precluded obtaining the full complement of 3 
cuttings and 3 maturities from the 5 locations. Also listed are the 
hays containing grass and/or ~1eeds and the approximate amount present. 
Chemical composition for a ll 44 hays und their corresponding fecal 
samp l es are shown in tables 3 and 4. Many of the hays contained grass 
and/or weeds as reflected by the hi gh hemi cel lul ose values . Percent 
neutral detergent fiber did not reflect the amount of grass present in 
the Afton hays, which were moHly grass but had a high nutrient 
content. Digestiblities (':t ) for the 44 hays are listed in table 5. This 
data is 1 isted to sho1~ the chemical diversity of the alfalfa hays and 
fecal samples used for near infrared reflectance spectroscopy (NIRS) 
analysis. 
Near Infrared Reflectance Spectroscopy 
Alfalfa. Near infrared re flectance spectroscopy is an analytical 
tool to rapidly analyze digestible and chemical components in feed 
samples. Equation data for digestible components for the 44 hay lots 
are shown in table 6. Standard error of calibration (SEC) is the error 
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TABLE 3. Chemica 1 composition of alfalfa hay 1 otsa. 
--·---------------------
Hay Percent 
Code I¥0~10 CP AOF L!G tiDF HE I~ ASH OM cc 
--------- --
K 1-1 54.2 21.2 J7.0 6.6 42.9 5.9 11.4 88.6 57.1 
K 1-2a 52.5 14.3 39.8 7.2 47.6 7.8 12.0 88.0 52.4 
K 1-2b 51.0 13.4 47.9 3.6 54.5 6.6 9.4 90 .6 45.5 
K l-2c 53.8 13.6 44. 3 10.1 51.7 7.3 10.4 89.6 48. 3 
K 1-2d 54.0 16.4 34.2 7.7 44 .3 10.1 9.8 90.2 55 .7 
K 1-4a 48.0 14.0 46.4 9.7 52.9 6.5 10.1 89.9 45.3 
K 1-4b 42 . 1 12.9 46.5 10 .2 54.7 8.2 9.4 90.6 63.5 
K 1-4c 47.3 13.7 44.4 10 .5 49.5 5.1 9.0 91.0 60.3 
K 2-1a 58 .0 21.4 29.6 6.1 36.5 7.0 10.2 89.8 63.5 
K 2-1b 61.1 21.9 37.1 10.0 39.7 2.7 12.2 87.8 60.3 
K 2-2a 55.4 16.0 36.3 8.2 40.7 4.5 12.8 87.2 59. 3 
K 2-2b 57.0 14.8 35.1 7.4 41.4 6.3 11.2 aa.s 58.6 
K 2-2c 47.9 17.0 39.8 9.6 45.7 6.0 11.2 88.8 54.3 
K 2-2d 62.1 15.3 38.4 8.0 43.6 5. 2 9.2 90.8 56.4 
K 3-1 54 .4 18.5 29.4 6.8 35.9 6.6 9.7 90.3 64.1 
K 3-2a 55.4 18.3 35.6 3.9 41.9 6.2 ll.5 88 .5 53.1 
K 3-2b 59. 3 19.9 29.2 6.6 35.8 6.6 12.2 87.8 64.2 
K 3-2c 56.2 12 .8 37.2 10.5 40.4 3.1 9.9 90.1 59.6 
K 3-2d 52.6 17 .6 38.0 7.4 42.7 4.7 11.8 88.2 57 . 3 
K 3-2e 51.7 17 . 1 39.0 7.7 44.3 5.3 11.9 88 .1 55.7 
K 3-3a 50.4 16.4 37.5 5.0 44.1 6.6 10.2 89 .8 55.9 
K 3-3b 49.3 19.4 38.3 7.9 42.5 4.2 10.7 89.3 57.5 
~~ 1-3 46.7 17.2 42.3 8.0 50.8 7.9 10.6 89.4 49.2 
I~ 1-4 49.7 15.4 57.1 11.2 70.2 13.2 12.6 87.4 29.8 
t1 2-2 47.7 19.2 44. 2 10.5 53.7 9.6 11.7 88.3 46.3 
~1 2-3 32 .0 l7 .8 42.8 7.8 53.1 10.3 11.0 89.0 46.9 
1·1 2-4 57.2 18.3 45.6 11.2 50.2 4.6 12.0 88.0 49.8 
1·1 3-2 53.5 18.7 42.0 9.0 47 .0 5.0 ll.5 88.5 53.0 
11 3-3 57.3 19.0 34 .2 7.8 38 .7 3.9 11.8 88.2 61.8 
H 3-4 52.3 14.7 35.9 9.5 42.7 6.8 9.3 90.7 57 .3 
c 1-2 55.1 15.2 33.8 5.7 47.2 13.4 10.4 89.6 52.8 
c 1-3 45.5 10.6 46 .8 10.1 57.3 10.5 ll.8 88.2 42.7 
c 1-4 50.4 13.6 44.3 11.7 50.7 6.4 8.6 91.4 49.3 
c 2-2 43.2 10.2 49 .6 10.6 64.4 14 .8 10.5 89.5 35.6 
c 2-3 48.6 16.0 36.4 9.6 45.2 8.8 9.7 90.3 54.8 
c 2-4 59.5 16.9 41.2 10.7 46.7 5.5 9.9 90.1 53.3 
c 3-2 54.4 17.7 38.2 10.1 41.6 3.5 9.6 90.4 58.4 
L 2-2 47.7 18 .1 42.2 10.2 48.5 6.4 10.5 89.5 55.4 
L 2-3 48.4 13.5 48.0 8.9 54.5 6.5 8.2 91.8 45.5 
L 2-4 48.9 14.1 49.2 10.6 56.1 6.9 9.1 90.9 43.9 
L 3-2 56.3 20.0 35.1 6.5 39.7 4.7 10.4 89.6 60.3 
L 3-3 48.3 19.8 44.0 8.0 50.4 6.4 9.5 90.5 49 .6 
A 2-2 57.6 18.8 34.0 7.2 44.5 10.5 10 .8 89.2 55.5 
A 2-3 60.0 15.9 26.6 6.4 35.5 9.9 9.1 90.9 63.5 
arvoMo-:~~-;it~;~j~t;~~igestibi1ity;-cP = c;~e pr;tein; 
ADF = acid detergent fiber; LIG = lignin ; NDF = neutral 
detergent fiber; HE I~ = hemicellulose; OM = organic matter; 
CC = cell contents. 
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TABLE 4. Chemical composition of fecal samplesa. 
-------------------- -..----------
Hay Percent 
Code CP ADF LIG NDF HEI<I ASH Of1 cc 
-------· 
K 1-1 10.2 50.3 18 . 2 59.6 9.2 13.8 86.2 40.4 
K 1-2a 9.0 58 .1 19.7 56.4 8.3 15.6 84.4 33 .6 
K 1-2b 10.0 57.0 24.8 64.3 7.3 12.5 87 .5 35.7 
K 1-2c 8 .8 55.9 14 .7 59.7 3.8 15.0 85.0 40.3 
K 1-2d 10.6 50.6 17.8 53.1 2.5 15.9 84.1 46 .9 
K 1-4d 7.8 58.1 23.2 63 .6 5.5 11.2 88.8 36.4 
K 1-4b 9.1 58 .7 26 .5 62.2 3.6 11.6 88.4 37.8 
K 1-4c 9.2 56.7 22 .3 61.0 3.7 10 . 7 89.4 39.0 
K 2-1a 11.9 45.5 17.2 54 .8 9.4 19.1 80.9 45 .2 
K 2-1b 13.6 47.2 18 .0 48.5 1.2 17 .7 82.3 51.5 
K 2-2a 10.8 45.0 12.7 53.7 8. 7 15 .3 84.7 46 .3 
K 2-2b 9.6 54.8 14.0 57. 0 2.2 15.6 84.4 43 .0 
K 2-2c 9.0 52.2 18 .8 54 .9 2.7 19.2 80.8 45 . 1 
K 2-2d 9.0 50.9 17 .6 58 .0 7. 1 16 .3 83.7 42. 0 
K 3-1 11.0 51.7 14 .5 52.0 0.2 15. 6 84. 4 48.0 
K 3-2a 10.2 52.8 23.0 53.0 0.2 15.0 85 .0 47.0 
K 3-2b 13.4 46.8 15 .2 55.8 8.9 16.3 83.7 44.2 
K 3-2c 11.2 50.6 20.1 52.2 1.6 14. 8 85.2 47 .8 
K 3-2d 10.4 53.4 19.6 54.8 1. 4 14.5 85. 5 45 .2 
K 3-2e 10.2 54.5 19.0 57.5 2.9 12.2 87.8 42.5 
K 3-3a 8 .0 52 .o 17.8 54.6 2.7 13.2 86.8 45 .4 
K 3- 3b 12.2 48.7 16.9 50. 3 1.6 14.6 85.4 49 .7 
M 1-3 12 .8 59.2 23.1 68 . 1 8 .9 12.5 87.5 31.9 
M 1-4 10.2 59.7 24.6 61.7 2. 1 12.3 87.7 38.3 
11 2-2 9.8 54.6 20.8 61. 3 6.7 11.3 88.7 38.7 
M 2-3 10.4 53.4 16.9 57 . 4 4.0 14 . 1 85.9 42 .6 
M 2-4 9.2 53.5 18.7 57.7 4.2 13 .5 86.5 42.3 
M 3-2 10.7 55.3 24.8 65 .0 9. 7 11.9 88.1 35.0 
11 3-3 10 .1 52.7 19.2 53.7 1.0 15 .0 85.0 46.3 
1·1 3-4 11.2 50.1 17.6 54.2 4.6 12.7 87.3 45. 8 
c 1-2 12.8 49 .8 17.0 59.7 9.8 18.8 81.2 40.3 
c 1-3 9.3 54.4 12.3 56 .9 2.4 18 .8 81.2 43.1 
c 1-4 11.2 56.0 18.5 64 .3 8.3 16.2 83.8 35.7 
c 2-2 8.3 59.6 19.6 62.8 3.2 16.9 83.1 37.2 
c 2-3 10 .0 52.3 16.0 54.8 2.5 14.8 85.2 45.2 
c 2-4 8. 8 51.4 17.8 55.0 3.4 14.7 85.3 45 .0 
c 3-2 9.8 51.7 20 .3 55.1 3.4 14.4 85.6 44.9 
L 2-2 12.9 46 .8 18.9 56.4 9.5 15.3 84.7 43.6 
L 2-3 12.5 42.1 14.9 49.5 7.3 23.6 76.4 50.5 
L 2-4 9.3 55.8 20.5 64.3 8.5 14.6 85 .4 35.7 
L 3-2 8 .8 62.2 25 .5 66.7 4.5 11.6 88 .4 33 .3 
L 3-3 9.2 55.6 19.9 55.8 0.6 14.3 85.7 44.2 
A 2-2 8 .5 50.9 19.6 53 .8 2.9 16 .2 83.8 46.2 
A 2-3 8.4 54.1 10 .8 63.8 9.7 13.2 86.8 36.2 
-a-ep-= crud;-p;;t~~ADF-;;-;zi-dd;t;;gent fib-;;;-CrG = 
l ignin; NDF = neutral det ergent fiber; HEM = 
hemi cellulose; OM = organic matter; CC = cell conte nts. 
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TABLE 5. Digestibilitics of alfalfa haysd. 
--------
Hay Percent 
Code OM OM CP ADF tiDF HEM cc 
K 1-1 54.6 55.7 17.2 17.8 16.4 2.4 45.4 
K 1-2a 55.9 56.2 10.9 17.8 18.8 4.7 43.5 
K 1-2b 55.2 57.4 9.6 26.2 26.3 3.9 35.7 
K l-2c 51.8 53.5 9.9 20.6 22.1 5.7 35.4 
K 1-2d 56.0 63.3 13.0 17.9 27.2 9.3 43.9 
K 1-4a 46.6 46.8 10.2 18.2 17 .2 3.8 34.3 
K 1-4b 42.4 43.6 8.1 15.3 16.3 1.0 30.5 
K 1-4c 51.2 51.7 9.7 19.5 22.7 3.4 37.8 
K 2-1a 60.2 63.0 17 .5 14.6 21.7 3.9 48.6 
K 2-1b 62.0 61.6 17 0 5 22.1 24.4 2.3 47.1 
K 2-2a 52.8 45.4 11.5 17.8 14.6 0.9 44.4 
K 2-2b 54.6 54.9 10.9 13.1 18.6 5.4 45.3 
K 2-2c 49.1 52.0 13.0 16.0 20.7 4.9 38.8 
K 2-2d 62.1 64.1 12.5 22 . 2 25.0 2.9 46.3 
K 3-1 57 .0 58.9 14.4 10 . 1 16.6 2.8 49.9 
K 3-2a 51.0 45.2 13.9 12.9 19.0 6.2 42.1 
K 3-2b 55.2 55.4 14 .8 ll.O 14.2 3.3 47.0 
K 3-2c 53.1 55.5 8.2 14.2 17.3 2.4 44.2 
K 3-2d 46.9 48.2 12.8 13.0 17 .0 4.0 40.8 
K 3- 2e 55.0 53. 8 13 . 2 17.7 21.8 4.1 43.0 
K 3-3a 51.6 52.8 13.0 15.4 20 .9 5.5 40.8 
K 3-3b 50.7 53.5 14.3 17.8 21.4 3.5 40.9 
~~ 1-3 50.1 50.7 11.5 16.7 23.0 4.3 35 .8 
t'1 1-4 45.5 45.4 10.6 32.7 44.3 12 . 3 16.2 
~~ 2-2 46.7 46 .3 14.6 18.0 24. 4 6.3 32.7 
~~ 2-3 44.8 52.0 12.7 16.5 24.9 8.4 30.8 
r~ 2-4 52.4 56.4 14.5 23.4 26.3 2.4 36.3 
t1 3-2 56.7 60.2 14 .8 21.9 23.4 1.5 40 .3 
11 3-3 60.5 54.7 15.7 16.9 20.5 3.6 49.9 
f1 3-4 51.9 58.3 10.1 15.2 20.3 4.9 42.5 
c 1-2 55.2 58.3 10 .3 14.6 24.2 9.6 37.6 
c 1-3 51.5 53.8 6. 6 23.7 33.2 9.4 28.7 
c 1-4 50.0 54.2 8.6 19.4 22.1 9.4 28.7 
c 2-2 46.0 50.3 6.3 21.5 34 .8 13.3 22 .7 
c 2-3 46.1 48.7 11.1 10.9 18.4 7.6 37.6 
c 2-4 62 . 2 64.2 14.4 25.6 30.0 4.5 42.7 
c 3-2 57.3 59.5 14.2 19.6 21.8 2.2 45.8 
L 2-2 49.3 50.6 13.9 20.9 21.0 2.0 35.6 
L 2-3 50.1 52.4 9.5 29 .2 32.5 3.3 23.0 
L 2-4 50.3 52.8 10.0 24.4 27.5 3.2 28.0 
L 3-2 53.7 56.6 16.6 10.6 13.4 2.9 47.2 
L 3-3 54.3 56.8 16.6 22.5 28.7 6.2 36.3 
A 2-2 62.8 63.0 14.8 18.3 27.8 9.6 44.3 
A 2-3 63.3 68.0 12 . 1 10.4 17.4 7.0 52.6 
-----
aot1 ; dry matter; OM ; organic matter; CP ; crude protein; 
ADF ; acid detergent fiber; NDF ; neutra 1 detergent 
fiber; HEM; hemicellulose; cc; cell contents. 
TABLE 6. Calibration data, math treatments, and wavelengths selected for the digestibilities of alfalfa 
hays. 
Percent 
~1easured f•1ath liavel engths 
Component a Range sob ~leanc SEed R2,e Treatmentf nm9 
DDf1 42.4-63.3 5.3 53.4 2.80 .88 2 1718 1218 1638 2418 1878 1318 
DOt4 43.6-68.0 5.4 55.1 2.66 .91 2 1712 2432 1572 1352 2232 2292 
DCP 6.3-17.5 2.8 12.4 1.35 .92 1 2372 1632 1772 2192 2412 1752 
DADF 10.1-32.7 5.0 18.7 2.40 .89 2 1582 1722 1362 1522 2062 2141 1482 1622 
DNDF 13.4-44.3 6.0 22 .7 2.99 .81 2 1633 2358 2338 2278 1118 1898 
DCC 16.2-52.6 7.8 39.8 2.00 .92 2 1918 2238 2338 1713 1418 1778 1938 
a DDf4 : digestible dry matter; DOt4: digestible organic matter; DCP ~ digestible crude protein; DADF 
digestible acid detergent fiber; DNDF: digestible neutral detergent fiber; DCC: digestible cell 
contents. 
b Standard deviation of measured components. 
c Mean of measured components. 
d Sta ndard error of calibration from the least squares regression of measured diges tibilities on NIRS 
di gesti bil i ti es . 
e Squared coefficient of multiple determination from the least squares regression of measured 
digestibilities on NIRS digestibilities. 
f Best math treatm ent for the variable; 1 =first derivative of log 1/R; 2: second derivative of log 
1/R. 
g Wavelengths needed for the best analysis equation. 
w 
"' 
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associated with fitting a regression equation and is a good measure of 
instrument and laboratory errors. Shenk et al. (1978) reported the SEC 
is composed of two errors that sho uld be of eq ual size; error 
associated with the chemical determination and error associated with 
the instrument procedure. Th e multiple coefficient of determination 
(R2) is an indi cator of the accuracy in exp laining the amount of 
variation that is present. However, the R2 can be l ow if the data 
varies over a narrow range f or samples used for equation developrnenL 
Thus producing a 1 ine (equation) that is not as strong as other 
equations. 
Standard error of calibration for DDM was 2~01 with an associated 
R2 of 0 .83 . St1enk et al. (1976) reported a SEC of 2.95 % for DDM using 
meadow voles and alfalfa hay. Shenk and Barnes ( 1977) used different 
temperate forages to obtain a SEC of 2.16% for DDM. 
Second derivatization of the spectral data produced the best 
equation for DDM. Six wavelengths were used for the equation, with only 
one (24 18 nm) being in the fiber region (2100 - 2500 nm) . Norris et al. 
(1976) noted two of the nine wavelengths used for calibration of DDf1, 
using a variety of forages, were in the fiber region. Th ere is no 
direct r elationship betv1een numb er of wavelengths us ed for equation 
development and precision of the equation. Use of too many wavelengths 
in the equation can l ead to an "overfitting", while too few wavele ngths 
can also produce a poor equation. 
Calibration for DOM produced a lower SEC and higher R2 compared to 
DDf1 (2.66% and 0.91 , respectively). Second deri va tization VIas also the 
optimum math treatment for this variable. Lindgren (1983) noted a 
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slight improvement in SEC, using second derivatization compared to 
other math treatments, for timothy and meadow fescue hays. Si x 
wavelengths were used , with three (2432, 2232, and 2292 nm) occ uring in 
the fiber region. 
Ca libra tio n for DCP produced the low est SEC (1.36 %), required 
first derivatization of the data, and used six wavelengths. Three of 
the wavelengths (2372, 2192, and 1752 nm) are where protein 
measurements are generally made. 
Calibration for DADF a nd DNDF produced SECs of 2.40 and 2.99 %, 
respectively. The R2 for D~JDF was not as higl1 as the other variables, 
although the SEC for DNDF was higher than the other variables. Both 
DADF and DNDF required second derivatization for optimum eq uation 
developement. Eight \va velengths '11ere used for DADF, v1hil e DNDF used 
six. Both components used two or more wavel engths in the fiber region. 
The SEC for DCC was the lowest (2.00%) for the fiber components. 
Second derivatizatiun vias used for ca libration. Shenk et al. (1981) 
noted that log 1/R (R=refl ectance) ~>as the best math treatment for the 
spectra for some chemical ana lyses, while the fibrous components were 
best analyzed using second derivatization of the spectra. 
Calibration of digestible or chemical components involves using 
wavelengths specfic for the substance being analyzed plus some 
wavelengths that are not speci fie for the s ubstanc e. These so cal l ed 
non-essential wavelengths are used because of the presence and 
sometimes the need to remove (by defining) the presence of interfering 
substances. Water is an interfering substance that is found many times 
in the near infrared region. The ana lysis of a substance (other than a 
water soluble substance) that may be within or close to one of the 
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1vater regions may be possible by using wavelengths containing water to 
better define the substance being analyzed. 
Equation data for chemical composition of the hay lots are shown 
in table 7. Overall, the SECs are lower and the R2s higher than for the 
digestible components (table 6) because animal variation inflated the 
error for the digestible components. The instrument can, as a rule, 
equate spectral inform a tion with chemical bonds, however when requiring 
the instrument to equate ani mal performance with spectral in formation, 
the error of calibration will increase. 
Standard errors of calibration were similiar f or OM and OM content 
(0.52 and 0.68%, respectively). Calibration f or both variables required 
no process ing of the spectral data (log 1/R). Six wavelengths were used 
for OM, while OM required seven wav el engths. 
Equation development for CP produced a SEC (0 .75%) of simil iar 
size as 0~1 and OM. Co unts and Radloff ( 1979) reported a SEC for· CP of 
1.05 for alfalfa hays using a filt er-type instrumen t. Bar ton and 
Burdick (1983) obtained a SEC of 0.89 for CP in dehydrated be rmudagrass 
hays. Th e R2s were similiar for Df1, OM, and CP (0 .92, 0.94, and 0.95, 
respectively). First derivatization of the spec tra and nine wavelengths 
were required for the best CP equation. 
In vitro dry matter digestibility (IVOMO) is an indirect 
measurement o f animal response, and the SECs for this vari able hav e 
been of equal size as calibrating for oorq (Shenk and Barnes, 1977) . As 
a rule the SEC for IVOMO should be lower than that for OOM since animal 
variability is minimized by using rumen fluid from one animal. Lower 
SEC s for IVOMO compared to ODM have been reported by Shenk et al. 
(1977) (1.52 vs 2.30%) and Norris et al. (1976) (2.64 vs 3.58%). 
TABLE/. Calibration data, math treatments, and wavel engths selected for the chemical components of alfalfa 
hays. 
t·1easured Percent 11ath Wavelengths 
Componenta Range so6 Meanc SEC a R2 ,e Treatmentf nmg 
OM 89.8-95.5 1.3 93.0 0.52 .92 0 2170 2230 2470 2270 1910 1950 
OM 79.8-86.9 1.7 83.6 0.63 .94 0 1750 1710 2030 1970 2210 1410 1950 
CP 9.6-20.4 2.4 15.9 0. 75 .95 1 1968 2008 122H 2388 2428 1488 1828 2108 1508 
IVDt1D 42.1-62.1 4.8 52.6 1.63 .90 2 1682 1782 1622 1742 1922 2422 
Ash 7.4-11.5 1.0 9.5 0.26 .94 2 2398 1558 1398 2418 1298 2278 2238 1698 2158 
NOF 32.3-61.3 6.4 41.3 0.95 . 97 2 1912 2332 1492 1572 2452 1172 2032 
ADF 24.1-49.7 5.5 35.5 1.11 .95 2 1722 1482 1622 1462 1542 
Lignin 4.5-10.7 1.5 7.8 0.80 .80 1 1658 1758 2338 2098 1958 2458 1938 2298 1838 
a DM = dry matter; 01~ = organic matter; CP = crude protein; IVDMD = in vitro dry matter digestibility; 
UDF = neutral detergent fiber; ADF = acid detergent fiber. 
b Standard deviation of·measured components. 
c Mean of measured components. 
d Standard error of calibration from the least squares regression of measured components on NIRS components. 
e Squared coefficient of multiple determination from the l east squares regression of medsured components on 
N IRS components. 
f Best math treatment for the variable; 0 = log 1/ R; 1 = first der ivative of log 1/R; 2 = second derivative 
of log 1/R. 
9 Wavelengths needed for the best analysis equation . 
w 
"" 
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Branine et al. (1983) noted SECs fo r IVDMD ranging from 1.0 to 3.1% for 
grasses, shrubs , forbs, and a combination of the above. Calibration for 
I VD r1D produced a SEC of 1.63% for th e hay 1 ots in this study. Seco nd 
derivatization of the spectral data ant! six wavelenghts were used for 
the equation . 
Ash content r equired second derivatization and nine wav el e ngths t o 
pro du ce an eq uat ion wi th a SEC of 0 .261 . Both NOF and ADF required 
second derivatization of the spectra, 1vith NDF using seven >~avelengths 
and ADF five wave lengths . Ward et a l. (1982) noted cal ib ration for ADF, 
using eso pha gea l samples from cattl e grazing grass ranges, required no 
processing of the spec tra and produced a SEC of 1~61. The SECs f or NDF 
and ADF (0.95 and 1.11 %, respect iv e ly) were lo>~er th an those report ed 
by She nk et al. (1977) (1.75 a nd 1.311 , respectively) a nd Norris et al. 
(1976) (2.39 and 1.56%, respectively). 
Ca lib ration f or lignin produced the l ow·est R2 (O.qo) a nd required 
nine wavelen gths . Shenk et al. (1977) reported a SEC and R2 for lign in 
of 0.711 and 0.95, while Norris et al. (1976) repor t ed results of 0.83':'. 
a nd 0.92, r es pec tiv e ly. Ward e t al. (1982) r e ported a n R2 of 0.67 for 
lignin using esophageal grass samples . 
Fifteen alfalfa samples from other studies, with chemical and 
digest ib le data, we r e used to test the accuracy o f the e qu a ti o ns 
de vel oped on the samples from this study (table 8). The SEA for DM was 
higher than the SEC for DM (tab l e 7). Brooks et al. (19 84) reporte d a 
high SEC and SEA for DM content using four forage samples. Analysis for 
DM content can produce errors higher than f or other chemical compo nents 
because of samples changing moisture content. 
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Analysis for CP content produced a SEA (0.23%) which is lower than 
those reported by Shenk and Barnes (1977) (0.85 %) and Shenk et al. 
( 1977) ( 1.00%). Hol echek et al. ( 1982) reported a SEP and R2 of 0.4 1% 
and 0.94, respectively, for esophageal forage samples. Barton and 
Burdick (1983) obtai ned a SEP of 0.71 % for dehydrated bermuda grass 
hays . 
Analysis for IVDHD produced a high SEA (2.44%), however this error 
is still acceptable since the error is still less than 2-3 times the 
SEC. Calibration for a substance may produce SECs that seem excessively 
high, however this may be due to laboratory and/or instrument error. If 
the SEA for a particul:~r analysis is l ess than 2-3 times the SEC, then 
the results may still be acceptable depending upon the standards of 
acceptabi 1 i ty set by the researcher. Standard errors of analysis for 
TABLE 8. Analysis on 15 alfalfa samples not us ed for equation 
development. 
sod 
Percent 
Measured 
SEAb 
IRS 
Componen ta i·1ean r2,c Actual Analyzed 
0~1 94.6 0 .56 .83 0.9 0.8 
OM 83.6 0.33 .96 1.7 1.7 
CP 16.0 0 .23 .99 2.2 2.2 
I vor,m 57.8 2.44 .94 7.1 7.3 
Ash 9.9 0.56 .86 1.3 1.5 
NOF 43.8 1.33 .96 6.7 6.5 
ADF 36.8 0.85 .98 6.4 6 .6 
Lignin 8.1 1.13 .80 2.2 2.5 
DOH 58.3 3.55 .81 8.0 7.6 
a OM = dry matter; OM = organic matter; CP = crude prote in; 
IVDMD =in vitro dry matter digestibility; NDF =neutral 
detergent fiber; ADF = acid detergent fib er; ODM = 
digestible dry matter. 
b Standard error of analysis of actual values by NIRS. 
c Squared simple correlation of NIRS analyzed values vs known 
values from laboratory analysis and digestion trials. 
d Standa rd deviation of chemical components and OOM. 
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IV0~1D of 1.74, 2.45, and 1.7% have been reported by other r~searchers 
(Holechek et al., 1982; Shenk and Barnes, 1977; Shenk et al., 1977, 
respectively). Counts and Radloff (1979) reported an r2 of 0.75 for 
alfalfa samples using a fi 1 ter-type instrument compared to an r2 of 
0.94 for this study. 
Using the SEA and r2, a researcher can determine the acceptability 
of the equation by comparing the actual (chemical) to the NIRS results. 
The standard deviations fo r actual and NIRS results are nearly equal 
for a 11 components ., tab 1 e 8). 
Norris et al. (1976), in one of the first reports of NIRS analysis 
of forages, reported SEAs of 2.39 and 1.55 % for NOF and AOF, 
respectively. This study obtai ned SEAs of 1.3 3 and 0.83 % for NOF and 
AOF, respectively. The SEA for lignin was higher than that reported by 
~Jorr is et al. (1976) using a variety of forages (1.13 vs 0 .83%). 
With early work (Shenk and Barnes, 1977; Norris et al., 1976) 
showing the feasibility of using NIRS to analyze chem i cal composition 
of forages, one of the ultimate goals has been to use NIRS for the 
analysis of animal performance (00 t1). Analysis of the fifteen alfalfa 
samples produced a SEA and r2 of 3.55% and 0.81, respectiv ely for 00t1. 
Oigestibil ities were not a val iabl eon the fifteen hays for the other 
chemical components, so only OOM could be tested with the alfalfa 
e quation developed in this study. Norris et al. (1976) reported a 
simil iar SEA and r2 for a variety of forages. The SEC and SEAs for 0011 
are higher than for chemical components which is due to the inability 
of NIRS to measure animal performance as accurately as it measures 
chemical composition. The tJIRS method equates chemica l bonding with 
chemical composition witn a high degree of accuracy. There appears to 
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be a strong relationship between the degree of chemical bonding and 
total digestibility in order for satisfactory equations for in vivo and 
in vitro di gestib l e components to be obtainable. 
One of the tools in determining whether the developed equation is 
going to perform well is knowing or having some idea of the error s ize 
associ a ted with manual or norma 1 deter:n in a ti ons for eac h inde pendent 
variable. Th is all o11S the operator to judge ~lhether the in strument can 
perform the ana lysis as acc urately and precise as doing the analysis by 
normal methods. Using the rule that the SEA can be 2-3 times the SEC, 
the operator will have an idea of how well the equation will perform on 
other sampl es. 
Fecal. The SECs for nonfibrous chemical components (DM , 0~1. CP, 
ash) in the fecal samples (table 9) were equivalent to the alfalfa 
samp l es (table 7) . Two wavelengths (19 00 and 2200 nm regions) were 
simil iar for fecal and alfalfa 011 calibration (tables 7 and 9). On l y 
one wave l ength was common for OM in fecal and alfalfa samples (2000 
nm). Two wavelengths were common between fecal a nd alfalfa CP (2100 and 
2300 nm r egion) while as h had five wavelengths in common (1200, 1300, 
1500, 2300, and 2400 nm regions). 
Sta ndard e rror s of calibration for ADF, ND F, and 1 ignin were 
higher than the same components in the hays . Four wavelengths were 
common for f eca l and alfalfa ADF ( 1500, 1900 , 2000, and 2300 nm) with 
NDF on l y hav ing one commo n wavelength (1700 nm) . Lignin in fe ca l and 
alfalfa had two wavelengths in common (1600 and 2400 nm). Brooks et al. 
(1984) reporte d a SEC for NDF in e l k fecal samples of equa l size as 
that reported here (1.89 % vs 1.95%). Their SECs for ADF (0.85%) a nd 
TABLE 9. Calibration data, math treatments, and wavelengths selected for the chemi cal components of fecal 
samples. 
t1easured Percent t1ath Wavelengths 
Component a Range so6 Meanc SEcO R2,e Treatmentf nm9 
0~1 90.1-93.1 0.6 92 .1 0.15 .94 1 1222 1962 2242 1922 2342 1982 1482 1502 1722 
OM 76.4-89 .4 2.6 85.3 0.33 .92 1 1522 2082 1722 2362 1802 1282 1342 2402 
CP 7.8-13.6 1.5 10.2 0.92 .92 2 1338 1218 2118 1398 2358 
Ash 10.7-23.6 2.6 14.7 0.33 .92 1 1522 2082 1722 2362 1802 1282 1342 2402 
NDF 48.5-68.6 5.0 57.8 1.95 .85 1 2072 1692 2372 1392 2292 1592 1972 1812 
ADF 42.1-62.2 4.3 52.8 1.91 .88 1 1922 2202 1722 1282 1802 2362 2182 1302 
Lignin 12.3-26.5 3.6 18.8 1.35 .87 2 2458 1438 1658 1358 
a Dt·1 ; dry matter; OM; organic matter; CP; crude protein; NDF; neutral detergent fiber; ADF ; acid 
detergent fib er . 
b Standard deviation of measured components . 
c t1ean of measured components . 
d Standard error of calibration from the least squares regression of measured components on NIRS 
components. 
e Squared coefficient of multiple determination from the least squares reg ression of measured components 
on NIRS components. 
f Best math treatment for the variable; l ; first derivative of log 1/R; 2 ; second derivative of log 1/R. 
g Wavelengths needed for the best analysis equation. 
+> 
+> 
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1 ignin (0.86%) were lower than those reported here (1.91 vs 1.35%, 
respectively). Ho ·~ever, Brooks et al. (1984) only used 13 sar.~ples for 
equation development. ~lath treatments (first or second derivati zati on) 
were required for calibration for all cl1emical components in the fecal 
samples. 
Results from using a fecal equation to analyze other fecal samples 
are shown in table 10. Standard errors of analysis for OM, OM, CP, and 
ash content are all acceptable (0 . 13, 0.41, 0.87, and 0.42 %, 
respectively). The SEA along with the simple squared correlation values 
are good indicators of the degree of accuracy using N!RS. Brooks et al. 
( 1984) did not have enough elk f eca l samples for testing th eir 
developed equation, so they split their samples such that the equation 
was developed on half (18) of the samples and the otl1er half (18) was 
used for analysis. The SEAs f or DH (0.34%) and CP (0 .7 6%) in their 
study were of equal size as those reported in this study. 
TABLE 10. Analysis on 30 fecal samples not used for equation 
development. 
sod 
Percent 
l~easured NIRS 
Component a t•lean SEAb r2,c Actua 1 4nalyzed 
or~ 93.2 0.13 .96 0 .6 0.6 
OM 85.3 0.41 .93 2.6 2.5 
CP 10.0 0.87 .96 1.5 1.5 
Ash 14.7 0. 42 .93 2.6 2.6 
NDF 54.7 2.10 .91 5.0 4.8 
ADF 52.8 1. 79 .90 4.3 4.2 
Lignin 18 . 4 1.46 .90 3.6 3.6 
a DM dry matter; ON organic matter; CP = crude protein; 
b NDF = neutral detergent fiber; ADF = acid detergent fiber. 
Standard error of analysis of actual values by NIRS. 
c Squared simple correlation of NIRS ana lyzed values vs known 
values from laboratory analysis and digestion trials. 
d Standard deviation of chemical components. 
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Their (Brooks et al., 1984) SEAs were higher for NOF, AOF, and 
1 ignin (2 .. 01, 1.33, and 0.83%, respectively) than the other chemical 
components. This study also observed high SEAs for NOF, AOF, 1 ignin. 
The high SEA for NOF may be associated with filtering problems that are 
usually encountered when performing NOF determinations on fecal 
samples. The filtering problems will contribute to higher SECs and SEAs 
and less accuracy. Brooks et al. (1984) felt the high SEA for NOF was 
due to the wrong wavelengths being used in the equation. However, five 
of their six wavelengths used were similiar to wavelengths reported by 
other researchers for NOF calibration with forages. 
Analyzing Alfalfa From Fecal Sampl es . Chemical components and 00~1 
fro m the 44 alfalfa hays were assigned to the corresponding fecal 
samples. An equation using the spectral characteristics of the fecal 
samples and the alfalfa chemical composition was developed in order to 
determine the feasibility of using fecal samples to predict the 
chemical and digestible composition of alfalfa hays; instead of using 
alfalfa samples to analyze alfalfa samp l es or fecal sampl es to analyze 
fecal samples as was done in the previous sections. Equation data for 
this procedure are shown in table 11. The SECs were higher and the R2s 
lower for a l l components than those obtained for the alfalfa and fecal 
equations. (tables 6, 7, and 9). This is somewhat expected since 
equation development equates chemical and spectral data, and in this 
case there is no direct relationship between the spectral and chemical 
data . Therefore, one could assume that no f easible eq uation could be 
developed. 
However, the fecal equation developed using alfalfa chemical 
components and OOM was then used to analyze the 44 alfalfa samples to a 
TABLE 11. Calibration data, math treatments, and wavelengths sel ected for the alfalfa chemical components 
and digestible dry matter assigned to fecal samples. 
Percent 
l~easured Hath Wave 1 engths 
Component a Range sob ~1eanc SECd R2 ,e Treatment f nmg 
OM 89.8-95.5 1.3 93.0 0.59 .78 2 1162 1602 1542 1202 2142 2442 1982 2222 1722 
OH 79.8-86.9 1.7 83.6 o. 75 .81 1 1412 1792 1912 2272 1252 2392 1232 2152 23 52 
CP 9.6-20.4 2.4 15.9 0.93 .84 2 2312 1592 2372 2252 2212 2032 1252 
IVOHD 42.1-62.1 4.8 52.6 2.61 .70 1 2438 1498 2218 2238 1598 2458 
Ash 7.4-11.5 1.0 9.5 0.65 .60 1 2162 2322 1662 2082 2342 1122 1422 1262 
NDF 32 .3-61.3 6. 4 41.5 2.30 .84 0 1310 1470 1930 1750 1430 2410 1910 
ADF 24.1-49.7 5.5 35.4 1.92 .86 1 1792 1492 1552 1852 2052 
Lignin 4.5-10.7 1.5 7.8 0.88 .67 1 1882 1602 1902 2182 1682 1542 1222 2382 1242 
DOl'~ 42.4-63.3 5.3 53.0 2.41 . 79 0 1170 1550 2450 2470 1150 1290 1950 
a OM ; dry matter; OM ; organic matter; CP ; crude protein; IVDt1D ; in vitro dry matter digestibility; 
b NDF; neutral detergent fiber; ADF; acid detergent fiber; DON ; digestible dry matter. 
Standard deviation of measured components. 
c Mean of measured components. 
d Standard error of calibration from the least squares regression of measured components on NIRS 
components . 
e Squared coefficient of multiple determination from the least squares regression of measured components 
on NIRS components. 
Best math treatm en t for the variabl e; 0 ; log 1/R; 1 = first derivative of log 1/R; 2 = second 
derivative of log 1/R. 
g Wavelengths needed for the best analysis equation. 
., 
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obtain a bias (plus or minus) va l ue for each ana ly sis. The bias is a 
meas urement of whether the equation is analyzing samples consistantly 
high or low. The resulting bias valu e s (ta bl e 12) were used to adjust 
each chemical and digestible value in twelve of the fifteen test hays 
and then the values obtained using the fecal equation were compared to 
the adjusted values. 
Results from the adjusted dnalyses of test hays (12) with the 
fe cal equation are shown in tabl e 12. The only alfalfa components that 
appear to be ade quately analyzed by a fecal equation ar e 0~1. CP, AOF, 
and OOM . Analysis for IVOMO produc ed a higher r 2 than OOM (0.55 vs 
0.49) , however the SEA is much l arger tilan th e error associated with 
TABLE 12. Analysis data usin g the fecal equa ti on 1~ith alfalfa 
chemical co mpo sition and di gestible dry matter on 12 alfalfa samples 
not used for equ ation de~elopmenL 
Percent sod 
Measured Correc ti on 
SEAb r2,c 
NIRS 
Com pon enta Bias Mean Actual Analyzed 
Dt1 14.9 79 .8 4. 05 .01 0 .8 4.0 
OM 3.6 81.0 1.54 .48 1.8 2.0 
CP - 7.7 23.6 1.63 .71 2.2 3.0 
IVOMO 44.1 13.8 13.16 .55 6. 7 7. 4 
ASH - 6.3 15.8 1.43 .35 1.4 1.7 
I~ OF -29.1 73.::> 6.52 . 13 6.4 5.0 
AOF 24.0 13.7 4 .30 .63 6 .2 6.9 
Lignin 3.4 5.7 2.36 .09 1.9 2.1 
0Dt1 21.3 35.6 5.75 .49 8.0 6.1 
a OM = dry matter ; OM = organic matter; CP = cr ude prote in; 
IVOMO = in vitro dry matter digestibility; NOF =neutral detergent 
fiber; AOF =acid detergent fiber; OO r•1 =digestible dry matter. 
b Standard error of analysis of actual values by NIRS. 
c Squared simple correlation of NIRS analyzed values vs known values 
from laboratory analysis and digestion trials. 
d Standard devi ation of chemical components and OOM. 
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performing an IVDMD analysis in the laboratory. The SEAs for CP (1.63%) 
and ADF (4.30%) are also higher than the error associated with 
laboratory analysis. However, this error may be acceptable under 
special co nditions where a lab oratory analysis is unobtainable or a 
time element is involved. 
The chemical and digestible components may be better analyzed 
using a group of alfalfa samples for bias estimates other than those 
used t o obtain the chemical and digestible data, and then testing the 
equation on some other group of samples. An interesting test would be 
to use the fecal equation and predict composition of feed samples using 
only the fecal material . 
Use of a fecal equation to analyze chemical and digestible 
composition in alfalfa hays should not be feasible since the equation 
is looking at spectra in the alfalfa samples indirectly relate d to 
those used for the f e cal equatio n. Templeton et al. (1983) reported 
results from using an equation developed with orchardgrass hays to 
analyze red clover hays. They noted SEAs for CP, AOF, NDF, and IVD~ID of 
1.67, 4.24, 3.80, and 15.90%, respectively. Using the same equation to 
analyze timothy hays, the authors observed SEAs for the same chemical 
components of 0.40, 1.57, 1.35, and 2.28%, respectively. These results 
show that an equation developed from samples completely different from 
those to be analyzed will perform for some components and on some types 
of forages, but not others. lihy this happens is not completely 
understood. There may be some unique chemical structure in one type of 
sample that allows an equation to analyze some types of samples but not 
others; it may also be just a coincidence. 
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Phys i ca 1 i· leasu rements 
Table 13 contains the color indexes for the hay lots as 
determined from Hunsell's Color Chart for Plant Tissues . The values 
11ere obtained from the ground samples. The higher the hue value; the 
greener the sample and the 1 ower the hue value, the more yell ow the 
samp 1 e. Host of the Mi 1 es City hays had hue va 1 ues ref l ecting the brown 
color (5.0). A few of the Caldwell hays also had hue values reflecting 
a brown color. All of the Afton hays had hue values relating to a very 
green co l or. The green col or waul d be reflecting the amount of plant 
pigments present and not the nutritional status. 
Value relates to the lightness of the sample. 11ost of ~1iles City 
hays were dark, producing l ow values. Chroma refers to the strength or 
intensity of hue. 
Determination of percent leaf and stem was difficult for many hay 
lots due to the large amount of grass and weeds (table 13). Most of 
Caldwell and all of the Afton hays were grass. Other hay lots exhibited 
considerable amounts of 1 eaf shatter, thus compounding the difficulty 
in obtaining leaf and stem amounts. Second cutting, midbloom samples 
from Logan were subj ect to wind damage. The windrows were rolled into 
big round mounds causing a loss of leaf material as evidence by the low 
leaf content (38%). 
Particle size of chopped alfalfa hays, on a dry basis, ~1ere 
determined by sievi ng (table 14). ~lost of the material was retained on 
the 2 .362 and 0 .99 1 mm sieves . No obvious differences in modulus of 
fineness (MF) were evident in the hay l ots except A 2-2, which had the 
lowest r~ F (3.83). Samples composed of more coarse or larger particles 
TABLE 13. Color indexes and percent leaf and stem of alfalfa hay 
1 ots . 
Hay Code 
K 1-1 
K l-2a 
K l-2b 
K 1-2c 
K 1-2d 
K l-4a 
K l-4b 
K l-4c 
K 2-1a 
K 2-1b 
K 2-2a 
K 2-2b 
K 2-2c 
K 2-2d 
K 3-1 
K 3-2a 
K 3-2b 
K 3-2c 
K 3-2d 
K 3-2e 
K 3-3a 
K 3-3b 
1·1 1-3 
~I 1-4 
11 2-2 
M 2-3 
M 2-4 
~1 3-2 
1•1 3-3 
N 3-4 
c 1-2 
c 1-3 
c 1-4 
c 2-2 
c 2-3 
c 2-4 
c 3-2 
L 2-2 
L 2-3 
L 2-4 
L 3-2 
L 3-3 
A 2-2 
A 2-3 
5. 0 
7. 5 
5.0 
7.5 
7.5 
7.5 
7.5 
7.5 
10.0 
10.0 
7.5 
7.5 
10 .0 
7.5 
12.5 
10.0 
10.0 
10.0 
10.0 
7.5 
10.0 
7.5 
5.0 
5.0 
2.5 
5.0 
5.0 
5 . 0 
7.5 
5.0 
5.0 
5.0 
7.5 
5.0 
10.0 
5.0 
10.0 
7.5 
7.5 
7.5 
7.5 
7.5 
10.0 
10.0 
6.5 
6.5 
8.0 
6.0 
7.0 
!3.0 
7.0 
6.0 
6.5 
6.0 
6.0 
6.0 
6.0 
7 .o 
6.5 
5.0 
6.0 
6.0 
5.5 
6.5 
6.5 
5.5 
7.0 
5.0 
6.0 
7.5 
7.0 
6.5 
6.5 
7.0 
7.0 
7.5 
7.5 
7.5 
6.0 
7.5 
6.5 
7.0 
8.0 
7.5 
6.0 
7 .o 
5. 5 
6.0 
8 .0 
6.0 
8.0 
6.0 
6.0 
6.0 
7.5 
8.0 
8.0 
6.0 
6.0 
5.0 
6.0 
6.0 
5.0 
6.0 
6.0 
6.0 
6.5 
6.0 
6.0 
4.0 
6.0 
3.0 
6.0 
7. 0 
6.0 
6.0 
7.0 
9.0 
5.0 
7.0 
6.0 
7.0 
6.0 
9.0 
7.0 
6.0 
8.0 
6.0 
4.0 
8.0 
6.0 
6.0 
Leaf 
46 
46 
41 
33 
44 
36 
36 
42 
61 
59 
33 
52 
53 
40 
60 
54 
53 
43 
33 
45 
44 
51 
48 
29 
44 
41 
28 
35 
43 
46 
49 
46 
45 
45 
49 
47 
52 
50 
38 
40 
54 
49 
54 
53 
Stem 
54 
54 
59 
67 
56 
64 
64 
58 
39 
41 
67 
48 
47 
60 
40 
46 
47 
57 
62 
55 
56 
49 
52 
71 
56 
59 
72 
65 
57 
54 
51 
54 
55 
55 
51 
53 
48 
50 
62 
60 
46 
51 
46 
47 
a-H~:--;,;-o-bj ect~rel ~-ti~-n -;;---;.~d,Y-;ll;";;~gr-~bl ue, and 
purple; Valu e = an object's 1 ightn ess; Ct1roma = an object's 
strength or departure from neutral (neutral has no chroma or hue) . 
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TABLE 14. Perce nt of total amount (on d Jry matter basis) of alfalfa 
retained on eac il si eve and modulus of fineness (t•IF). 
Hay mm 
--------- f1F Code 7.925 2.362 1. 70 .991 .833 .495 .246 .147 .074 <.074 
--------------------
K 1-1 9.6 24.5 9.6 27.6 0.2 10.8 11.3 4.0 1.5 1.0 6.0 
K 1-2a 15.2 25.6 3.1 23.2 3.2 13.0 10.2 3.6 1.9 1.1 6.1 
K 1-2b 24.3 29.4 1.8 17.4 6.5 5.7 8 .3 3.4 2.2 1.1 6.6 
K 1-2c 23.9 29.2 2.0 17.0 6.9 6.1 7.2 3.2 2.0 1.0 6.5 
K 1-2d 8 .9 30.9 5.3 17.3 8.0 11.1 12.3 3.7 1.5 0.9 6.0 
K 1-4a 13.1 19.0 8.8 16.4 10.1 12.1 11.8 3.9 3.0 1.4 5.8 
K 1-4b 14.0 19.3 7.9 18.1 9.6 11.9 12.2 2.2 3.5 1.3 5.8 
K 1-4c 13.8 19.5 9.3 18.2 9.2 11.1 11.2 4.4 2.0 1.3 5.9 
K 2-1a 3 .4 18.4 2.3 17.9 6.4 17.0 20.2 7.9 4.2 2.3 4.8 
K 2-1b 13.6 13.9 8 .8 19.5 7.4 11.2 14.3 6.4 2.8 1.9 5.5 
K 2-2a 6.6 27.2 4.9 19.6 6.9 12.4 13.1 4.8 2.5 2.0 5.6 
K 2- 2b 11.5 18.7 6.4 20.0 6.5 12.0 14.5 5.4 2.9 2.3 5.6 
K 2-2c 12.8 29.3 3.3 17.5 5.2 8.9 13.4 5.2 2.4 2.1 5.9 
K 2-2d 14.4 20.2 7.8 23.5 10.6 8.2 9.8 3.4 1.5 0.8 6. 1 
K 3-1 3.1 33.3 2.9 17.3 7.4 13.3 16.4 6.5 2.5 2.0 5.4 
K 3-2a 8.2 19.6 5.6 22.3 6.1 13.5 15.1 5.7 2.2 1.7 5. 5 
K 3-2b 2.9 29.2 2.3 18.5 6.4 13.3 16.4 6.5 2.5 2.0 5.4 
K 3-2c 6.8 34.8 3.8 18.6 6.9 11.0 11.9 3.4 1.7 1.1 6.0 
K 3-2d 13.4 18.1 6.4 16.2 8.6 8.2 12.0 6.0 1.9 1.2 5.3 
K 3-2e 10.4 18.7 4.7 16.2 8.2 10.0 11.9 6.8 2.1 1.3 5.0 
K 3-3a 14.1 21.2 5.6 15.9 8.0 8.4 10.9 6.1 2.5 1.3 5.5 
K 3- 3b 14 .6 20.2 8.1 17.4 8.1 9 .2 11.0 5.2 2.4 1.3 5.8 
~1 1-3 4.6 34.0 3.8 16 . 9 8. 7 12.8 12.7 4.2 1.8 1.1 5.8 
11 1-4 6.1 33.8 3.9 16.1 8.0 12.0 10.1 4.0 1.7 0.3 5. 8 
11 2-2 9.3 31.9 6.9 16.9 6.0 11.1 10.9 3.7 2.0 1.2 6.1 
1·1 2-3 5.5 30.4 4.4 15.8 6.7 11.8 15.0 5.7 2.7 1.7 5.6 
M 2-4 12.7 27.2 7.2 16.0 6.5 10.2 12.8 4 .1 2.3 1.0 6.0 
1•1 3-2 9.9 35.8 4.3 15.5 9.2 8. 7 9. 1 3.7 1.7 1.2 6.2 
11 3-3 5.3 19.3 4.5 15.0 4.8 11.8 12.2 5.0 2.1 1.0 4.5 
M 3-4 17.9 29.7 7.2 16.6 7.3 9.0 8.2 2.5 1. 2 0.5 6. 5 
c 1-2 5.2 28.2 3 .8 18.2 8. 7 10.6 15.7 5.1 2.6 1.8 5.5 
c 1-3 5.6 29 .1 5.1 20 .0 8.0 11.1 15 .0 5.5 2.3 1.1 5.8 
c 1-4 6.1 29.9 4 . 4 18.0 8.8 12 .0 12.6 5.0 2.2 1.0 5.8 
c 2-2 7.3 37.9 4 .2 21.3 9.3 7.4 8.2 2.2 1.1 1.0 6. 3 
c 2-3 8.2 30.3 6.2 20.4 9.8 8.9 9.2 4.0 3.0 1.2 6.0 
c 2·4 5.5 25.1 5.7 20.0 8.5 12.8 13.4 5.1 2.5 1.4 5.6 
c 3-2 13.9 20.3 6.8 18.1 8.2 8.6 14.1 7.2 2.2 1.0 5.8 
L 2-2 10.2 19.6 6.3 18.2 7.3 11.8 15.5 6.5 2.9 1.7 5.5 
L 2-3 5.5 30.6 4.4 15.8 6.7 11.8 15.0 5. 7 2.7 1.7 5.6 
L 2-4 18.7 20.4 7.S 17.6 7.6 8.0 14.4 4.7 2.3 1.5 6. 2 
L 3-2 14 .0 18.9 7.0 16 .9 7.5 8.3 11.1 6.7 2.4 1.7 5.6 
L 3-3 7.7 33.9 2.1 15.6 3.2 15.2 13.7 5.0 2.2 1.5 5.8 
A 2-2 4.9 24.6 3.1 17 . 1 12.1 11.9 14.8 6.7 3.0 1.5 5.3 
A 2-3 3.1 17 .2 1. 6 12 .S 7.1 10.6 12 .9 5.3 2.4 1.3 3.8 
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would have a MF value that was larger than samples composed of finer 
particles. 
l~iles City 3-3 had the highest t·1F, ho1vever this lot was the on l y 
one from the third c utt ing, fullbloom maturity, so no definit e 
conlusions can be made. Smith and Wa l do (1969) reported ( us in g sieve 
sizes of 2.380, 1. 190 , 0.840, 0.595, 0.420, 0.297, 0.210, 0.149 , 0.105, 
and 0 .074 mm) a 1·1F of 2.46 for timothy hay using the dr i ed neutral 
detergent f i ber extraction residue and reporting results on a cell \'/all 
basis. 
Feca l samples from each hay lot were also sieved prior to grind i ng 
(table 15). A large portion of mat e rial passed through the sm a llest 
si eve (0.053 mm) . Approxim ately 40-50% of the ma terial 1-1as retained on 
the .246 and .147 mm sieves. The t~F 1vas considerably lo wer th Jn th e 
ulfa lfa f·I F with the highest ~I F dssociated with C 1-2 (4.95). 
Crude protein (CP) and acid detergent fiber (ADF) analysis was 
per f orm e d on a portion of fecal material, representing one hay, 
retained on each sieve to determine nutrient content. Crude prote i n 
content increased linearly (6-12 %) as s i eve size decreas ed, and ADF 
decreased li nearly (66-31 %) as sieve size decreased. The results are 
under s ta ndab l e si nce sma ll er part i cles ltave l arger su rface area/mass 
ratios than do larger particles, and this in turn may increase the mass 
of microbial matter. The decrease in ADF is probably due to high 
microbial matter and a function of particle s ize (Ehle, 1984 and D. H. 
Clark , unpubli shed data). 
Uden a nd Va n Soest (1982) sieved f eca l, r umen , and hay samples, 
however, their formul a for p~rti cle size description was developed for 
those samples, and in all probability i/Oul d not work on other samples. 
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TABLE 15. Percent of tota 1 amount (on a dry matter basis) fecal 
material retained on each sieve and modulus of fineness ( MF). 
--------------------
Hay mm 
Code .495 .246 .147 .074 .053 <.053 ~IF 
K 1-1 7.5 28.0 22.9 11.8 6.1 23.7 2.5 
K 1-2a 9 .4 29.1 19.2 13.0 6.5 22.7 2.5 
K 1-2b 9.0 29.6 20.4 11.2 7.6 22.1 2.5 
K 1-2c 15.6 33.7 17.5 12 .1 4.2 17.0 2.9 
K 1-2d 8.9 29.7 18.1 12.8 5.8 24.6 1.7 
K 1-4a 7.3 32.8 22.4 13.7 4.1 19 .8 2.7 
K 1-4b 8.7 33 .5 20.8 12.5 3.1 21.4 2.7 
K 1-4c 11.4 40.1 21.6 9.6 3.9 13.5 3.0 
K 2-1a 11.4 28.3 19.4 9.5 4 .0 27.4 2.5 
K 2-1b 14.1 30.1 14.3 7.8 5.1 28.6 2.5 
K 2-2a 9.7 27.1 21.3 13.8 7.3 20.8 2.6 
K 2-2b 11.0 31.9 17.1 11.0 6.3 22 .6 2.6 
K 2-2c 10.1 31.0 17.9 13 .3 6.8 20.8 2.6 
K 2-2d 8.9 27.6 21.1 12 .4 7.3 22.7 2.5 
K 3-1 11.6 29.7 19.1 14.6 6. 1 18 .9 2.7 
K 3-2a 12.4 32.0 19.8 12.2 4.3 19.2 2.8 
K 3-2b 13.4 28.3 18.3 11.2 6.8 21.9 2.6 
K 3-2c 12 . 7 29.4 18.5 13.1 7.2 19.1 2.7 
K 3-2d 10.9 29.9 19.5 13 .6 7.5 18.6 2.7 
K 3-2e 12.4 36 .2 18.7 12.4 6.1 14.3 2.9 
K 3-3a 6.8 27.8 21.2 13.6 8.6 22.1 2.4 
K 3-3b 10.4 28.4 19.4 13 .6 8.4 19.9 2.6 
M 1-3 20.5 33.0 16.8 12.0 3.2 14.4 3.1 
ilj 1-4 11.7 35.5 15 .6 14.5 4.6 18.3 2.3 
~~ 2-2 11.7 31.8 20 .0 11.9 7.9 16 .8 2.8 
t1 2-3 12.3 33 .5 18.4 13 .3 7.6 14.9 2.8 
t~ 2-4 10 .4 34.0 19.0 12.1 6.1 18.4 2.7 
M 3-2 9.6 31.1 18 .6 14 .5 7.0 19.2 2.6 
t-1 3- 3 10.4 33 .6 20.0 1l.ry 6.7 17 .4 2.8 
t1 3-4 11.8 31.0 18.1 11.8 6.2 21.2 2.7 
c 1-2 10.0 22.8 17.7 14.3 8.5 26.7 2.3 
c 1-3 5.9 24.9 18.5 18.0 7.0 25.8 5.0 
c 1-4 7.8 28.3 19.1 14.4 . 9.1 21. 2 1.7 
c 2-2 6.2 25.9 20.4 20.2 4.9 22.4 2.4 
c 2-3 8.6 25.7 22.6 12.3 10.0 20.9 1.6 
c 2-4 7.2 27.7 19.7 15.0 8.4 22.0 2.4 
c 3-2 6.9 29.0 17.8 13.1 8.2 25.0 2.5 
L 2-2 8.5 32.5 18.4 13.7 7.7 19.2 2.6 
L 2- 3 8.6 30 . 9 21.6 15 . 1 7.1 17.1 2.7 
L 2-4 10.5 31.0 20 .0 13.8 7 .o 17.6 2.7 
L 3-2 8.1 25.8 23.4 9.9 8 .5 24.4 2.4 
L 3-3 7.2 26.3 20 .1 11.9 7.5 27.0 2.3 
A 2-2 9.0 29.3 17 .0 13.6 8.4 22.7 2.5 
A 2-3 6 .4 22.1 16.9 13.6 7.7 33.4 2.0 
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These workers noted a decline in particle size as material moved 
through the digestive tract. 
Predicting Digestiblity 
Direct determination of digestibility of nutrient components is 
time consumi ng and cos tly. Researchers prefer to use small animals as 
mod e ls for ease of handling and small feed consumption. Obtaining 
digestibil ities at reduced time a.nd cost has been an ongoing research 
problem. t1any factors can affect digestibility. Fonnesbeck et al. 
(1981) noted digestibility of fibrous components was affected by 
forage type (legume or grass) and type of processing (chopped or ground 
and pelleted). 
Prediction of DDM, DOM, and DCP from chemical analysis performed 
on the alfalfa hays is shown in table 16. According to multi pl e linear 
regression analysis, percent DDM was best predicted by IVD~1D. lignin, 
and ash (R2; 0 .66). However, prediction of DO t•!, with the same degree 
of accuracy, required only IVDMD and ash. 
TABLE 16. Prediction of digestible components from alfalfa chemical 
analysis. 
ya sa X b 1 x2 x3 R2 
DDM 20.49 .86( IVDMD) - .39(1 ignin) -.86(ash) .66** 
DOM 24.13 .91( IVDMD) -1.59(ash) .67** 
DCP -4 .09 .99(CP) .95** 
a DDM ; percent digestible dry matter; DOM ; percent digestible organic 
matter; DCP ; percent digestible crude protein. 
b IVDMD; percent in vitro dry matter digestibility; CP ; percent crude 
protein. 
** P< .0001. 
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Barton et al. (1976) reported protein and lignin best predicted 
IVDMD and DDM in tropical grasses. Rohweder et al. (1978) reported that 
DDM could be predicted from ADF with a reasonable degree of accuracy (R 
-0.82). 
Digestible crude protein prediction can be accomplished using CP 
content (R2 = 0.95). Anderson et al. (1973) obtained the equation OCP = 
-4.15 + 0.97*(percent CP) from alfalfa hays used in their study 
compared to -4.09 + 0.99*(percent CP) in this study. 
Stepwise multiple regression analysis was employed to predict OOM 
and DOM from physical components and chemical analyses of alfalfa and 
fecal samples (table 17) . Number of cutting, fecal cher.1istry and 
sieving accounted for 561 of the variation in predi c ting DOM. Numbe r of 
c utting, alfalfa chemistry and sieving produced similiar results in 
predi c ting DOl~ (R2 = 0.57). Use of fecal and alfalfa chemistry, sieving 
data, and number of cutting increased the accuracy of predicting 0011 
(R 2 0.76). 
Use of fecal chemistry, sieving data, and cutting to predict 00~1 
1~as simil iar to using alfalfa chemistry, sieving data, and cutting (R2 
= 0.55 and 0.50, respectively). Combining alfalfa and fecal chemistry, 
sieving data, and stage of maturity increased the multiple coefficient 
of determination to 0.83. These results are equal to using IVDMD to 
predict ODM or DOt~ (Van Soest et al., 1978). It is eas i er to perform 
IVDMD analysis than perforr.1 all of these analyses on the alfalfa and 
fecal samples. At this time, it is felt that sieving does not account 
for enough of the variability to justify the time and expense. 
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TABLE 17. Multiple regression equations predicting digestible dry 
matter (DDM) and organic matter (DOM) from physical and chemical 
components of alfalfa and fecal samples. 
Independent 
variables Modela R2 Rsob 
DDM 97.36 - 1.17 (CP(f))** - 12.48 (ADF(f))** + .56 3.92% 
12.09 (NDF(f))**- 11.69 (Hem(f))** -
1.01 (0.147mm(f))*** - 0.66(0.074mm(f))** 
+0.54 (<0.053mm( f))*** + 1.87 (cutting)** 
ODM 86.38 + 0 .54 (CP(a))** - 0.39 (NDF(a))*** - .57 3.80% 
0.35 (2.362mm(a))**- 1.09 (1.70mm(a))*** 
+ 0.54 (0.833mm(a))* - 3.78 (0.074m~(a))*** 
- 2.27 (cutting)** 
DDM 74.67 - 0.95 (CP(f))**- 0.26 (ADF(f))*- .76 3 .07% 
001  
DOH 
DOM 
3.11 (cutting)*** - 0.89 (1.70mm(a))*** + 
1.03 (0.833mm(a))*** + 0.19 (0.246mm(a))** 
- 4.42 (0.74mm(a))** + 0.18 (0.246mm(f))** + 
0.67 (<0.053mm(f))*** + 0.61 (ADF(a))** + 
0.74 (CP(a))***- 0.91 (NDF(a))*** 
950.06- 1.02 (CP(f))**- 9.04 (ADF(f))* -
8.18 (Hem(f))*- 8 .67 (CC(f))* - 0.96 
(0.147mm(f))** + 0.65 (<0.53mm(f))*** + 
1.97 (cutting)** 
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98.15 - 0.46 (NDF(a))*** - 1.19 (ash(a))** .50 
- 0.59 (1.70mm(a))** + 1.04 (0.147mm(a))*** 
- 2.96 (0.074mm(a))**- 1.96 (cutting)** 
-30 .64- 1.12 (CP(f))**- 9.47 (ADF(f))** .83 
+ 9.09 (NDF(f))**- 8.66 (Hem(f))** + 1.82 
(MF(f))* + 1.46 (maturity)**+ 2.07 (~lF(a))* 
- 0. 51 (1.70mm(a))** + 0.63 (O.S33mm(a))**-
3.44 (0.074mm(a))***- 0.79 (0.147mm(f))** + 
0.67 (<0.053mm(f))*** + 0.83 (CP(a))***-
0.31 (NDF(a))*** + 1.16 (OM(a))** 
3.93% 
4. 12% 
2.78% 
a CP = percent crude protein; ADF = percent acid detergent fiber; NDF = 
percent neutral detergent fi oer; Hem= percent hemicellulose; CC = 
percent cell contents; MF = modulus of fineness; OM = percent organic 
b matter; (f)= fecal; (a)= alfalfa. 
Residual standard deviation . 
* P<.lO. 
** P< .01. 
*** P<.001. 
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Correlations 
Correlation coefficients among digestible, chemical, and physical 
components are shown in table 18. Percent DDM and IVDMD were highly 
correlated (r = 0.78). Van Soest et al. (1978) obtained a correlation 
coefficient of 0.80 for DDM and IVD~1D for a diversity of forage types. 
Holloway et al. (1981) re ported fecal nitrogen, fecal IVDMD, and DDM 
were highly cor r elated (r = 0.67 and 0.58, respectively). 
A negative correlation was observed between DDM and ADF (r = 
-0.60). For first cutti ng, aftermath cuttings, and all c uttin gs of 
alfalfa combined, Van Soest et al. (1978) obtained correlations of 
-0.87, -0.51, and -0.75, respectively for 001·1 and ADF. Roh1veder et al . 
(1978) reported a multiple correlation coefficient (R) of -0.82 for DDM 
and ADF in alfalfa hays. 
A strong negative correlation was found between DDM and NDF (r = 
-0.61). Fonnesbeck and Anderson (1981) and Rowheder et al. (1978) 
noted similiar relationships, and felt NDF should be used to predict 
intake, while ADF could be used to predict DDM. Van Soest et al. (1978) 
observed a correlation coefficient of -0~8 between DDM and NDF for all 
cuttings of alfalfa. A significant carrel at ion was found between D0f1 
and IVDMD (r = 0.74). 
Secane ( 1982) reported a corre 1 a ti on coefficient of 0.95 between 
DCP and CP for legume and grass hays. This study obtained a highly 
significant correlation between DCP and CP (r = 0.97). No relationship 
was noted between DCP and fecal CP conte nt (r = 0.19) . Digestible 
cru de protein content was correlated to% leave s (r = 0.49). Crampton 
and Harris (1969) reported leaves, whether grass or legume, contain two 
to two and one-half times the protein content com pared to stems. 
TABLE 18. Corre l ations among digestibl e, chemical, and physical 
components. 
IVDMDb 
OM 
CP 
ADF 
Lignin 
NDF 
HEM 
'h Leaf 
Chroma 
Hue 
Value 
Alfalfac 
7.925 
2.362 
1.70 
0 .991 
0 .833 
0 .495 
0.246 
0. 147 
0 .074 
<0 .074 
r1F 
Fecald 
0. 495 
0.246 
0.174 
0.074 
0.053 
<0 .053 
t1F 
. 78** 
.03 
.36* 
-.60** 
-.40* 
-.61** 
-.26 
.41* 
.10 
.27 
-.09 
-.17 
-. 24 
- .23 
.05 
-. 07 
.16 
. 02 
.30 
.02 
.09 
-.40* 
- .07 
- . 12 
-.26 
-.28 
.29 
.52** 
-.47** 
DOM 
. 74** 
.19 
.30 
-.58** 
-.36* 
- .55** 
-.16 
.39* 
. 16 
.21 
.03 
-.15 
- . 11 
-.27 
.02 
- .02 
.08 
.03 
. 24 
.03 
.06 
-.28 
-.09 
- .25 
-. 26 
-.17 
.35* 
.59** 
-.24 
DCP 
.53** 
-.30 
.97** 
-.50** 
- . 42* 
- .57** 
-.41* 
.49** 
- .07 
.23 
-.39* 
-.18 
-.27 
.04 
-.04 
-. 35* 
.32* 
.01 
. 50** 
.01 
. 32* 
- .40* 
-.28 
.09 
- . 03 
-.54** 
.18 
.20 
-.23 
DADF 
-.22 
.02 
-.26 
. 78** 
.54** 
.70** 
.10 
- .50** 
. 17 
-.50** 
.40* 
.24 
.14 
.12 
.05 
.06 
-.14 
.21 
-.14 
.21 
-.33* 
.44* 
.12 
. 22 
-.11 
.27 
.07 
-.16 
.24 
DNDF 
-.22 
.02 
-.28 
.65** 
.40* 
.74** 
.51* 
-. 35* 
.04 
-.45** 
.26 
-.07 
.32* 
- .10 
-.07 
.20 
- . 06 
.18 
-.06 
. 18 
- . 30 
. 28 
.23 
.05 
- . 29 
.43** 
.01 
-.06 
.22 
DCC 
. 73** 
-.08 
.53** 
-. 90** 
-.56** 
-. 95** 
-.52** 
.66** 
.01 
.51** 
-.37* 
-.12 
- . 35* 
-.09 
.05 
-. 19 
.16 
- . 19 
.16 
-. 19 
.24 
- . 51** 
-.19 
-.11 
-.04 
-.50** 
. 18 
. 38* 
-.26 
DHEM 
-.20 
- .10 
-.28 
. 17 
- .03 
. 46* 
.87** 
- .02 
- .16 
- . 23 
-.04 
-.28 
.39* 
-.34* 
- .07 
.17 
-.04 
- . 11 
- .04 
-.11 
-.15 
-.02 
.20 
-.23 
-.27 
.44 
- . 10 
.15 
.04 
a 00~1 digestib l e dry matter; OOM = digestib l e organic matter; 
OCP = digestible cr ude protein; DADF = dig estible acid 
detergent fib e r; DNDF = digesti bl e neutral detergent fiber; DCC 
b = digestib l e cell contents; DHEH = digestibl e hemicellulos e. 
IVDMO = in vitro dry matter digestibility; or~= organic matter; 
CP =crude protei n; ADF = ac id detergent fiber; NDF =neutral 
detergent fib er; HEM = hemicellulose. 
c Percent (weight) alfalfa retained on each sieve (mm); t·1F 
modul us of finene ss . 
d Percent (weight) fe cal reta ined on eac h sieve (mm); MF 
modulus of fineness. 
* P<.05. 
** P<.Ol. 
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A strong relationship was noted for DCP and percent alfalfa 
retained on the 0.147mm sieve (r = 0.50), whil e a negative relatio nship 
was found between DCP and percent fecal material re t ai ned on the 
0 .0 74mm sieve (r = -0.54). Ho11ever, use of CP conte nt to predict DCP 
produces more accurate results (table 16). Digestible dry matter 1vas 
correlated (r = 0.52) to the percent fecal material retained in the pan 
( <0.053 mm). Correlations were simil iar bet1veen DOH and HF and DDM 
and the percent materia l retained in the pan (material passing through 
the smallest sieve) . The modulus of fineness is a function of percent 
material retained on each sieve. Use of sieving data available here 
does not appear to be related to any great extent to chemical or 
digestible components in alfalfa hays. 
Crude protein content was negatively correlated (r = -0.49) to ADF 
content (table 19). Fonnesbeck and Anderson (1981) reported a 
coefficient of determination (r2) of 0.41 for CP and ADF in alfalfa 
hays. Crude protein was correlated with % leaves to the same degree as 
DCP and % leaves (r = 0.50 vs 0.49, respectively) . Neutral detergent 
fiber and ADF were negatively corre l ated to IVDHD of approximately the 
same size (r = -0.68 and -0.65, respectively). 
A high correlation was evident between ADF and NDF (r = 0.93), 
which reflects the similiarity noted between DDM and ADF or NDF (table 
18). Percent crude protein and ADF content of fecal samples were 
negatively corre lated (r = -0.58). Fecal ADF co nt e nt was negatively 
corre l a t e d to fecal ash (r = -0.61) . Fe ca l NDF a nd hue and NDF content 
of alfalfa hays and hue were both negatively correl ated (r = -0.61 and 
-0.46, respectively) which would be related to maturity and presence of 
grass and/or weeds. 
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T.I\BLE 19. Correlations amo ng alfalfa chemical and phy si ca l components. 
OM a CP IVDMD ADF Li gnin NDF HEt-1 
OM -.36* -. 13 -.04 .10 .04 .01 
CP .47** -.49** -.41* - . 56** -.37* 
IVDMD -.65** - .38* -.69** -.34* 
ADF .69** .93** .23 
Lignin .57** - .03 
NDF .57** 
% Leaf .04 . 50** .29 -.65** -.45** .58** -.08 
Chroma .37* -.14 -.09 .08 .14 .02 -.1 3 
Hue .14 .22 . 30 -.57** -.30 -.61** -.35* 
Value .50** -.46** -.29 .42* .23 .41* .13 
Alfalfab 
7.925 .18 -.24 - .17 .34* .22 . 18 -.31 
2.362 -.06 -.22 - .28 .26 .22 .38* .44** 
1. 70 .07 .04 -. 14 .21 .28 .05 - .34* 
0.991 -.11 -.07 .07 -.01 .02 -.02 -.OJ 
0.833 .28 -.33* -.09 .12 . 21 .18 .20 
0.495 -.1 3 .35* . 14 -.25 -.18 -.20 . 02 
0.246 .24 .02 -.01 .01 -.09 .oo -.04 
0.147 -.12 .50** .33* -.38* .38* -.41* - .25 
0.074 .05 .19 .04 -. 15 .13 -.14 -.05 
<0 .074 -.19 .35* .22 -.37* -.34* -.35* - .11 
HF . 20 -.40* - .42* .58** .44** .51** .05 
Fecalc 
0.495 -.25 -.26 -.19 .1 5 .14 .18 .14 
0.246 -.30 .08 -.05 . 27 . 08 .14 - .23 
0. 174 . 28 - . 09 . 25 .09 -.10 .01 -.18 
0 .074 .05 -.55** -. 41* .35* .22 . 49** .51** 
0 .053 .01 .14 .27 -.15 - .22 -.18 -.16 
<0.053 .10 . 13 .37* -. 43** -.33* - .31 .14 
f·1F - .34* -.22 -.24 . 31 .15 .26 .01 
a OM organic matter; CP = crud e protein; IVDMD = in vitro dry 
matter digestibility; ADF = acid detergent fib er; NDF neutral 
b detergent fiber; HE f·1 = hemicellulose. Percent (wei gh t) alfalfa retained on each sieve (mm) ; r·tF = modulus 
of fineness . 
c Percent (weight) fecdl retained on eac h sieve (mm); MF = :nodulus of 
finen ess. 
* P<.05. 
** P< .01. 
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Correlation coe ffici ents f or th e sievin g data (tab l e 20) showzd 
similarities (r = 0.55) for percent alfa lfa retained on the 7.925mm 
sieve a nd the calculated r1F for alfalfa. Perce nt alfalfa retained on 
the next largest sieve size (2 .3 62mm) was negatively correlated to 
percent alfalfa retained on the 0.147 and 0.074mm sieves (r = -0.54 and 
-0.49, respectively). Alfalfa ADF content was negatively carrel a ted to 
pe rcent material retained on the 0.495mm sieve. Percent alfalfa 
retained on the 0.246mm sieve was correlated to CP content ( r = 0.50). 
TABLE 20. Carrel at ions among alfalfa and fecal physical 
compone nts. 
------- ----- ----
'l'. Leaf Hue Chroma Value 
Al fal f aa 
7 . 925 -.27 -.11 . 16 .25 
2.362 -.18 - . 37* -.01 .15 
1.70 -.11 -.16 .03 .02 
0.991 .32* -.07 .14 - .02 
0 .833 -.33* .10 -.19 .07 
0.495 . 28 . 16 .03 - . 17 
0 . 246 .05 .15 .16 .19 
0.1 47 .43** . 45** - . 12 -.26 
0.074 .16 .29 . 03 .00 
<0 . 07 4 .40* .38* -.16 - .23 
t1F -.33* - .17 .04 . 10 
Feca lb 
0 .495 .01 -.17 .04 .10 
0.246 -.20 - . 16 . 09 .08 
0.174 -.10 -.06 .23 .22 
0.074 -.28 - .22 -.05 .32* 
0.053 .04 -.06 - . 10 .03 
<0 .053 .46** .23 .02 -.05 
i1F -. 14 -.26 .10 .09 
a Percent (weight) alfalfa retained on eac h sieve (mm); 
b MF = modulus of fin eness. Percent (weight) fecal retained on each sieve (mm); 
t1F = modulus of fineness. 
* P<. 05 . 
** P<.Ol. 
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Relatively fine material was retained on that sieve, suggesting it was 
mostly leaf material. However, no correlation was noted for % leaf 
materia 1 and any of the sieve sizes. Use of percent materia 1 retained 
on different sieves to predict nutri ent co ntent of alfalfa does not 
explain enough of the variation present. 
Location, cutting, and maturity effects on chemical and digestible 
components for the alfalfa and fecal samples are shown in tables 21 
through 23. Differences due to 1 ocati on, cutting, and maturity effects 
were not as evident on most components as would be expected, which was 
attributed to missing observations, harvesting practi ces , and presence 
of grass and weeds. 
Location, cutting, and maturity effects on physical measurements 
of the alfalfa and fecal samples and nitrogen balance are also listed 
in t ab les 24 t hrough 26 . No conclusions could be made due to th e 
presence of the problems as listed above. 
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CONCLUSIONS 
Regression equations developed on alfalfa samples with NIR 
spectroscopy were able to predict chemical components and DDr1 in other 
alfalfa hays from the intermountain states area. Equations developed 
using fecal samples were able to analyze other fecal samples with the 
same degree of accuracy as alfalfa samples analyzed with an alfalfa 
equation . 
Equations developed using spectral information from fecal samples 
and alfalfa chemical and digestible data appear to be able to predict 
CP, ADF, and DDM in other alfa lfa samples. However, the acc uracy was 
not equivalent to using alfalfa equations to analyze alfalfa samples. 
This method may be used when an approximate estimate is adequate. 
Use of leaf to stem ratios or plant color in addit ion to chemical 
analysis did not enhance the predicting of digestiblities compared to 
using chemical analyses. Leaf to stem ratios and plant colors were not 
carrel a ted to chemical analyses enough to warrant using these 
procedures to predict digestibility in lieu of the standard chemical 
procedures. 
Material retained on different sieve sizes and /or modulus of 
fineness for alfalfa and fecal samples us ed in combination with 
chemical determinations slightly increased the accuracy in predicting 
DDI~ and DOH compared to using chemical results only. Mathematical 
processing of the sieving data may yet produce regresssion equations 
that can accurately predict DDM or DOr1. Some sieving data were 
correlated with chemical determinations, however not accurately enough 
to use sieving instead of standard analyses. 
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IDEAS FOR FURTHER RESEARCH 
1. Determine the feasibility and accuracy of predicting the chemical 
com position of the feed consumed by an animal by presenting a 
fecal sample to the NIR instrument and using an equation derived 
with fecal spectra and feed chemical compostion. 
2. Determine what relationship exists that allows for NIRS to analyze 
samp l es dissimiliar to those used for calibration purposes. In 
some instances this procedure is possible and i n oti1er instances 
it does not work. 
3. Examine more throughly the possibility of using sieving da ta from 
feed a nd /or fecal samples to estimate, with so me degree of 
accuracy, the nutri ent and/ or digestible composition of feeds. 
4. Co nduct an experiment to study the effects of environment, 
locat ion, harv esting practices , varieties of alfalfa, soil 
fertility, agronomic practices, and any other importan t f ac tors on 
the nutritive quality of alfalfa. 
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APPENDIXES 
TABLE 21. Chemical composition of alfalfa hays by l ocation, cutting, and maturity. 
Mai n 
Effectb 
Location 
K 
t1 
c 
L 
A 
Cutting 
1 
2 
3 
t1aturi ty 
1 
2 
3 
CP ADF 
16 .4±D.sc 39.D±1.1d 
17.7±0.8c 43 . 2±1.7c 
14.2±D .8c 40.9±1.8d 
16 .5±1.Dc 45 .4±2.2c 
16.5±1.7c 31.6±3.5e 
15.4±0.8c 43.0!1.7c 
16.5±0 .6c 40.1±1.2d 
16 .9±0.8c 37.0±1.6e 
18.1!D.7c 38 .1±1.4c 
15.5t0 .6d 39 .2±1.3c 
15.1±D .sd 42.8±1.8c 
_________ C.:__o:_m-"p-'-o_ne::__n!_~------------------------
NDF LI G HEf1 CC Otcl ASH 
44.8±1.3d 8.7±0.3c 5.7t0.5g 55.2±1.3d 89.4±0.2f 10.6±0.2d 
51.2±2.Dc 9.3±0.5c 8.0t0.8e 48.8±2.De 88.6±0.4e 11.4±0.4c 
49.3t2.2c 9.8±0.5c 8.4±0.9d 50.7±2.2e 90.0±0 . 4d 1D.O±D.4e 
52 .2±2.6c 9.0±0.6c 6.7±1.Df 48.6±2.6e 90.6±0.5c 9.4±0.5f 
41.4±4.2e 7.Dt1.Dc 9.8!1.7c 58.4±4.2c 90.4±0 .8c,d 9 .6±0.8e,f 
52.6±2.0c 8.6!0.5c 9.6!0.8c 47.6±2.0e 89 .9±0.4c 10.1±0.4c 
47.7±1.4d 9.2!0.4c 7.6!0 .6d 52.5±1.5d 89.7±0.3c 1D.3±0.2c 
43.0!1.92 8.4!0.5c 6.D±D.8d 57.D±1.9c 89.9±0.4c 10 . 1±0.4c 
46.5±1.7c 8.0±0.4d 8.4±0.7c 53.8±1.7c 89.4±0.3c 10.6±0.3c 
47.2±1.6c 8.1±0.4d 8.0±0.6c 52.8±1.6c 89.7±0.3c 10.3!0.3c 
49.5±2.1c 10.1±0.5c 6.8!0.8c 50 .4±2.2c 90.4±0 . 4c 9.6!0.4c 
-------acp----:--c-rudeprot~i-;; ADF: dcid detergent fiber; NDF =neutral detergent fiber; LIG -=-lignin; 
b HEM= hemicelullose; CC = cell contents; DH = organic matter. 
Least square means and standard errors (dry matter basis). 
c,d,e,f,g ~1eans within columns and main effects with different superscripts are different (P< .DS) . 
_, 
"' 
TABLE 22. Chemical compositon of fecal samples by location, cutti ng, and maturity. 
t-1ain 
Effectb CP ADF NDF 
Component a 
LIG HE~1 cc OM ASH 
------------ ---------- -- ------------------- --------
Location 
K 10.0t0.3c 52.5±0.9c 56.6±1.0c 19.0±0.7c 4.1±0.7c 43.4!1.0c 85.5±0.5c 14.5!0.5c 
M 10 .7±0.5c 55.0±1 .4c 60.4±1.5c 21.0±1.1c 5.5±1.1c 39.6!1.5c B7.0!0.8c 13.0!0. Bc 
C 9.8±0.6c 53.7±1.5c 57.7±1.7c 17.3±1.2c 3.9±1.2c 42.3±1.7c 84.0±0.8c 16.0±0.8c 
L 10.5±0.7c 54.1±1.8c 60.7±2.0c 21.2±2.3c 6.6!1.4c 39.3±2.0c 84.8±1.0c 15.2±1.0c 
A 8.1±1.1c 55.4±3.oc 60.9±3.2c 17.6±2.3c 5.5±2.3c 39.1±3.2c 87.2±1.6c 12.8±1.6c 
Cutting 
1 
2 
Maturity 
1 
2 
3 
10.0±0.5c 56.5±1.4c 63.5±1.5c 20.8±1.1c 7.0±1.0c 36.5±1.5d 86.0±0.8c 14.0±0.8d 
9.8±0.4c 51.8±1.0e 57.3±1.1d 17 . 5±0.8e 5.5±0 . Bd 42.6±1.1c 84.5±0.6d 15 . 5±0.6c 
9.6±0.5c 54.1t1.4d 57.0±1.5d 19.4±1.od 3.0±1 .0e 43.0±1.5c 86.6±0.8c 13.4±0.8d 
10.7±0.4c 53.2±1.2c 59.6±1.3c 17.4±0.9d 6.4±0.9c 40.4tl.3c 85.0±0.6d 15.0±0.6c 
9.8±0.4d 53.9±1.lc 58.6±1.2c 19.8±0.9c 4.7t0.8c 41.4±1.2c B4.9±0.6d 15.1±0.6c 
9.0±0.6e 55.4±1.5c 59.7±1.7c 20.4±1.2c 4.3±l.lc 40 .3±1. 7c 87.2±0.8c 12.8t0.8d 
----a;:p--:-;;:~~~~t~i n; ----,;:DF---:-~ci d detergent fiber; NDF ; neutral detergent fibe~LIG:-iigni n; 
HEt1 ; hemicellulose; CC; cell contents; Ot1 ; organic matter. 
b Least square means and standard errors (dry matter basis}. 
c,d,e 11eans within columns and main effects with different superscripts are different (P<.05}. 
.__, 
a> 
TABLE 23. Digestible components of alfalfa hays by location, cutting, and maturity. 
Main 
Effectb 
Location 
K 
M 
c 
L 
A 
Cutting 
1 
2 
3 
f1aturity 
1 
2 
3 
---------______ Component 
a 
DDM Dot~ DCP DADF DNDF DHEM DCC IVD~~D 
53.2±1.2d 54.6±1.2d, e 12. 3±0 .5c 17.4t1.0c 20 .2t1 .3d 3.6t0.6e 41.5±1.4d 53.3±1.0d 
51.1±1.8d,e 53.0±1.8e 
52 .7t2.od,e 55.7t2.od 
50.8t2.3e 
62.0t3.8c 
53 .Ot1.8c 
54.1±1.3c 
54. 9±1. 7c 
55.1t1.5c 
54.3t1.4c 
52.7tl.9c 
53.0t2.4e 
64.4t3.8c 
54.8±1.8c 
56.6±1.3c 
57 .Otl.Bc 
57.0t1.5c 
56 .4± 1.4 c 
55.1±2.1 c 
13.lt0.8c 20.3t1.6c 26.0t2.0c 5.6t0.9d 35.3t2.0e 52.0t1.6d 
10.2t0.9c 18.7t1.8c 25.6t2.1c 6.8±l.Od 36.5±2.4e 51.1±1.7d 
12.6t1.1c 22.4t2.lc 25.2t2.6c 3.7tl.2e 32.2±2.9f 48.6±2.0e 
12.6t1 .8c 14.2t3.4c 21.8t4.1d 7.8t2.0c 47.9±4.6c 57.3±3.3c 
11 .1t0.8c 20.4±1.6c 25.5±1.9c 6.5±0.9c 34.8±2.2e 50 . 1±1.6c 
12.5t0.6c 19.4±1.2c 24.7±1.4c 5.4±0.7c 38.2±1.6d 53.7±1.2c 
12 .8tO .ac 16.0±1.6d 21.1±1.9d 4.6±0.9c 43.0±2.1c 53.6±1.5c 
13.9t0.7c 19.9t1.7c 24.1t2.lc 5.8±0.sc 40.1±1.8c 53.5±1. 3c 
11.5±0.7d 17.8±1.4c 23.5±1.6c 6.3t0.7c 39.H:1.7c 52.0±1.2c 
11.1t0.9d 18 .0tl.3c 23.8t1.6c 4 .4t1.0c 36.8t2.4c 52.0tl.7c 
---a-ooM~i ges ti t;];-d;y~tter; oar~-:- digest i ble-o-;gani~-~at teG"-oADJ~·-,:--dig~s t ib]; -a-zi-ctd";t;rgent 
fiber; DNDF; digestible neutral detergent fiber; DHEM; digestible hemic e lullose; DCC; 
b digestible cell contents; IVD~1D; in vitro dry matter digestibility. 
Least square means and standard errors (dry matter basis). 
c,d,e Means within columns and main effects with different superscripts are different (P<.05). ..... ..... 
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TABLE 24. Color indexes, percent leaf and stem, and nitrogen balance 
of alfalfa hays by loc ation, cutting, and maturity. 
Main 
Effectb 
Location 
Hue 
Color Indexa 
Value Chroma 
Percent 
Leaf Stem 
Nitrogen 
Balance 
( g/day) 
K s.s:ro.3d 6.4:t.2d 6.4:t.3c 46:t2.oc 54:t2.oc 0.58:t0.47c 
M 4.8:ro.sf 6.6±.2d 6.2:r.sc 40:t3.oc 60t3.oc 1.44t0.73c 
C 7.2±0.6e 7.0±.3c 6.8±.5c 47:t3.oc 53±3.oc 0.66t0.79c 
L 7.0:t0 .7e 7.2± .3c 6.4±.6c 45±3.oc 55:t3.0c 1.70:t0.94c 
A lO.l:t l . lc 5.8:t.se 6 .0:t.9c Sl±S.oc 49:tS.oc 0.7l:tl.52c 
Cutting 
6.2:tO.se 6.9:t.2c 6 . 2:t.5c 46:t3.0c 54±3.0c 0.75±0.7lc 
7.5:t0.4d 6.6:t.2c 6 . 5:t.3c 45:t2.0c 55:t2.0c 1.14:t0.53c 
3 s .s:ro.sc 6.2:t.2c 6.3:t.4c 47:t2.0c 53:t2 .0c 1.16:t0.70c 
t~aturi ty 
7.3±0.4c 6.3:t.2c 5.9:t.4c 5l:t2.0c 49:t2.0e 1.82:t0.6lc 
2 7.6:t0.4c 6.8:t.2c 6.5:t.4c 46:tz.od 54±2.od 1.10±0 . 57c 
3 7.7:t0.6c 6.7±.3c 6.7±.5c 4l:t3.0e 59:t3.oc O.l3:t0.78c 
a Hue= an object's relation to red, yello~1, green, blue, and 
purple; Value= an object's lightness; Chroma= an object's 
bstrength or departure from neutral (has no chroma or hue). 
Least squre means and standard errors. 
c,d,e,f Means within columns and main effects with different 
superscripts are different (P<.OS) . 
TABLE 25. Percent of alfalfa hays retained on sieves by location, cuttirg, and maturity. 
11lin _ _ --
Effecta 7 .~ 2.362 1.70 .991 .833 .495 
mn 
.246 .147 .074 <.074 t-F 
Location 
K 12.2!;1.1c 22.fl±l.3e 6.()!_0.4c 18.7-~0.sC 7 .4t(l.4c l0 .9t(l.6c 12.~1.~ 4.7:!{).3c 2.4:!{).1c 1.4!().1c 5.8:!{).1c 
M 8.9:"l.8d 30.~2.0c 5.3±0.7c 16.5t(l.SC 7.Q!0.7c 10.9t(l.9c 11.~2.oC 4.1:!{l.4c 1.9:!{l.ZC l.Ot(J.1d 5.0:!{l. ZC 
c 7 .4±2.od 28.6±2.2d 5.1±Q.SC 18.9tO.SC B.S:!{l.Bc 10.2±l.oC 12.2±2.ZC 4.9:!{l.sC 2.2:!{l.ZC 1.2:1:0.1d 5.8:!(l.ZC 
L 12.8±2.3c 23.Q!-2 .6e 6.1:!{).9c 17 .3±l.oC 6.7!().9c 11.2±1.1c 12.9:f:2.7c 5.6±Q.6c 2 .4:!{).~ 1.4±Q.ZC 6.0!(l.ZC 
A 5.2:f:3.7d 21.1±4.ze 2.5±l.sC 13 .9:f:1.6d 9 .9:f:l. sC 11.2±l.SC 11.S:f:4.3c 5.6t<l.9c 2.5:!{l.4c l.l±Q.3d 4.6±Q.4d 
Cuttirg 
1 lO.l±l.sC 26.9±2.oC 4.8±Q.~ 17 .8:!{l.7c 7 .~.7c ll.O!(l.9c 12.fl±2.oC 4.4:!{l.4c 2.2±0 .2d 1.1±Q.1d 5.8:!{l.ZC 
2 8.9±1.~ 23.9±l.sC 5.5:!{l§ 15.7±Q.7d 8.2!()§ ll.O!(l.6c 15.2±l.sC 5.2:!{l.3c 2.6±Q.ZC 1.5:!{l.1c 5.6±Q.1c 
3 8.9±1.~ 24.9±2.oC 4.7:!{).~ 15.7±Q.7d B. 1!().7c 10.7±Q.sC 12.~2.oC 5.4:!{l.4c 2.1±Q.2d 1.2±Q.1d 5.4:!{l.ZC 
Maturity 
1 8.2±1.sC 25.5±1.7c 5.1:!{).6d 18 .3±Q.6c 7 .8:!{) .~ 10.9t(l.7c 13.5±1.7c 5.4±Q.4c 2.2:!{l.2c 1.3±0.1c 5.6±Q.1c 
2 8.8±1.4c 27 .2t2.ZC 3.6±Q.6e 16.6t(l.6c,d 7 .2!(l.sC 10.7±Q.7c 14.4±1.~ 5.1±Q.4c 2.2!().2c 1.2:10.1c 5.6±Q.ZC 
3 10.9±1.9c 23.Q±2.ZC 6.3:!{).8c 16 .2:!{).8d 9.()!_0.sC 11.0:!-l.oC 12 .4±2.oC 4.5:!{)§ 2.4±Q.ZC 1.1:10.1c 5.6±Q.2c 
--ypercent ~f total dry mat~r retained on each sieve size. ------------
Least Sq.Jare !ll?ans and standard errors. 
c,d,e 1•1eans within col umns and main effects with different superscripts are different (P<.OS). _, 
"' 
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TNJL£ 26. Percent of fecal samples retained on sieves by location, cutting, and 
maturity. 
mm 
Main 
.495b ~f Effecta .264 .147 .047 .053 <.053 
Location 
K 9.5r1.8c 30.3!1.3d 19.6±0.4c 12.2±0.4e 6.0±Q.4c 20.7±Q.8e 2.5±0.1c 
M 12.7±2.8d 32.9!2.1c 19.5rQ.7c 12.7±Q.7d,e 6.1!(l.~ 17 .7:!-1.3f 2.8±().~ 
c 15.2:t3.0d 20.7:t2.2f 19.5rQ.7c 15.4±Q.JG 6.9!(l.7c 23.2-t1.4d 2.6±0.~ 
9.6±3.6c 29.4:t2.7d 20.7±Q.9c 12.9!(l.9d,e 7 .4!().8c 20.9!l.6e 2.6±0.~ 
A 8.1±5.9c 26 .4!4.3e 17 .2!1.4c 13.4:!:1·4d 8.2t1.3c 27 .4:t2.JG 2.3±Q.4c 
Cutting 
13.7t2.JG 27 .4-t2.0c 18.9!(J.7c 13.3±Q.7c 6.4!().6c 22.)"t1.2c 2.7±Q.2c 
9.Q±2.0c 28.2-t1.5c 19.0±Q.sc 13.2!()§ 6.7-+:'J.sC 21.9±0§ 2.5rQ.1c 
10.Q±2.JG 28.2-t2.oC 19.2!(J.~ 13.4!(l.JG 7 .5±0.6c 21.7-tl.~ 2.6±0.~ 
Maturity 
11.)!2.3c 28.0±1.JG 18.8±().~ 13.2!(l.6c 7 .2!(J.sC 23 .1:t1.1c 2.6tQ.~ 
2 13.7:t2.~ 26.1:t1.6c 18.9±Q.Sc 13.6tQ.sC 6.9±()§ 22.0±1.0c 2.6t0.1c 
3 7 .9:t3.oC 29.6:t2.2c 19.4±0. ]C 13.2:t0.7c 6.6tQ.JG 20.8:t1.4c 2.5±0.~ 
a Percent of total dry matter retained on each sieve size. 
b Least SqJare means and standard errors. 
c,d,e,f i~eans within columns and main effects with different superscripts are 
different (P<.05). 
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